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GERMICIDE 


BARD-PARKER 
FORMALDEHYDE GERMICIDE 


in its improved form, now creates a new standard of potency for 
solutions employed in the chemical destruction of vetetative and 
spore forms of bacteria. 


Of economic significance—prolonged immersion of delicate steel 
instruments will not result in rust or corrosive damage to keen cut- 
ting edges. Preservation of factory-new qualities constitute a major 
economy in annual expenditures for instrument replacement and 
repair. 


for practical convenience—we recommend B-P Instrument Contain- 
ers especially designed for use with the Solution. 


Ask Your Dealer 


PARKER, WHITE & HEYL, INC. 
Danbury, Connecticut 
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With ‘Lubafax’ brand Surgical Lubricant, the 
physician’s sense of sight and sense of smell 
are permitted to participate fully in diagnostic 
effort; for in addition to its distinctive lubri- 
cating properties, bacteriostatic action, high 
solubility range, adhesiveness and stability, 
*Lubafax’ is completely transparent and odorless. 
Often, during manual or instrumental exami- 
nation of body orifices, particularly vagina and 


rectum, it is important to determine the phys- 


ical characteristics of a secretion or discharge. 
The color or opacity may be obscured unless 
the lubricating agent is transparent; and, sim- 
ilarly, a characteristic pathologic odor may 
be masked by a factitious essence or perfume. 

The greater transparency and lack of odor 
of ‘Lubafax’ are among many unique advan- 
tages of this new lubricating medium prepared 
by Burroughs Wellcome & Co, Available in 
tubes of 2 oz. and 5 oz. 
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FROM AN ORIGINAL ETCHING BY ERNEST D. 


ROTH 


THE ROYAL COLLEGE OF SURGEONS, LONDON, was known in the 18th 
century as the Barber-Surgeons Company of the City of London, and later 
became the Company of Surgeons of the City of London. In the reign of 
George III it was made the Royal College of Surgeons in London by Royal 
Charter, and in 1843 by a further Charter became the Royal College of 
Surgeons of England, adding a Diploma to include Fellows. The degree of 
F.R.C.S. is recognized as one of the highest qualifications in surgery. The 
fine headquarters building in London, shown as it was before being partly 
damaged during the war, is situated near Fleet Street and the Law Courts. 


both practical and theoretical, is more complex and 
extensive today as continual advances in surgical 
technics are applied. J In the field of suture making, study to improve materials 
and advance methods of manufacture is an essential adjunct. In this field, Davis 
& Geck, Inc. has been an outstanding leader for more than thirty-five years and 
today is known throughout the surgical profession for its effective research and 
product development. Information of interest to surgeons and hospital authori- 
ties regarding D&G is contained in the following pages. 
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RESEARCH THE KEY 


Integrated research, co-ordinating develop- 
ments in varied fields of science, and apply- 


ing them to a single project, has been an 


outstanding factor in today’s technological 
achievements. 

Davis & Geck has at its disposal one of the 
world’s largest research laboratories. Here 
more than 450 scientists and technicians are 
working on diverse yet closely co-ordinated 
activities. This has enabled us to effectively 
apply this modern research principle to 
suture development. 


For example ... methods devised for the 
study of synthetics have proven of great 
value in determining the structure of catgut 
strands...experiments in electronics have 


led to the development of an instrument for 
determining suture diameter with unfailing 
accuracy ...and spectrophotometry, origi- 
nally developed for dye standardization by 
measurement of light waves, now provides 
exact control over the most delicate processes 
in suture preparation. 


THE EXPERIENCE FACTOR 

In converting laboratory findings into prac- 
tical manufacturing processes, Davis & Geck 
draws upon a reservoir of experience result- 
ing from 37 years of specialization in the 
manufacture of surgical sutures. 


THE CRAFTSMANSHIP FACTOR 
Though technological improvements and 
engineering advances in equipment have 
contributed greatly to precision of many 
operations, manual skill remains an essential 
factor in many phases of suture production. 
Through years of large volume operation, 
Davis & Geck has built up a staff possessing 
the special skills and pride in workmanship 
that assure consistent adherence to highest 
standards of production. 
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etry provides exact control over delicate processes. 


Studies of strand structure assure high tensile strength. 
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Skilled craftsmanship maintains high product quality. 


THE CLINICAL ASPECT 


Close contact with developments in the surgi- 
cal field is maintained through a broad program 
of clinical research, and by such activities as the 
preparation of technical films for our Surgical 
Film Library. These, coupled with other phases 
of a continuous and carefully planned program 
of product advancement and service contribute 
directly to extensive product-in-use knowledge. 


This helps us to produce sutures that most 
closely meet the needs of the surgical profession. 


“This One Thing We Do” 


Sutures 


THE PRODUCT RESULT 
These are the factors by which Davis & Geck 
maintains the highest standards of 


suture-making and are accountable 
for the accuracy of size, high tensile 
strength, uniformity of dimen- 
sions, compatability with tis- 
sues, and uniformity of be- 
havior which characterize 
D & G Claustro-Thermal 
and Thermo-Flex. 


D & G SUTURES ARE OBTAINABLE THROUGH RESPONSIBLE DEALERS EVERYWHERE 


DAVIS & GECK, INC., 57 Willoughby Street, Brooklyn 1, N. Y. 
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Kalmerid Germicidal Tablets provide 
potassium-mercuric-iodide—a valuable 
antisepticizing and disinfecting agent 
—in a pure, stable, soluble and conven- 
ient form for the sterilization of suture 
tubes. A solution of one Kalmerid 
Germicidal Tablet in one liter of 70% 
alcohol makes a reliable and easily 
prepared medium. In this solution the 
tubes sink of their own weight and 
remain completely submerged. 
Potassium-mercuric-iodide 
has advantages over certain of 


SURGERY 


the more generally known germicides 
for a variety of other uses also. It exceeds 
bichloride of mercury in bactericidal 
potency, is readily soluble, compara- 
tively low in toxicity, free from irri- 
tant action, and forms no soluble com- 
binations with proteins. 

Solutions of any strength may be 
made easily and efficiently with 
Kalmerid Germicidal Tablets. 

Further information on their 
action, uses and advantages will 
be sent promptly on request. 


DAVIS GECK, INC. 


57 WILLOUGHBY STREET, BROOKLYN 1, N. Y. 


DaG SUTURES ARE OBTAINABLE THROUGH RESPONSIBLE DEALERS EVERYWHERE 
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FROM THE LITERATURE ON A RECENT 


A blessing lo surgeon 


| 


S 


“When it seems impossible to get the pa- 
tient sufficiently relaxed to make an upper 
abdominal exploration or to close a friable 
peritoneum” Intocostrin “will give the pa- 
tient at these critical moments complete 
relaxation, uniformly, quickly and harm- 
lessly . . . a blessing to both surgeon and 
anaesthetist.’”! 


Administered by simple intravenous injec- 


1. Griffiths, H. R.: Canadian M. Assn. J. 50: 144, 1944. 


For information, address Professional Service 
Dept., 745 Fifth Ave., New York 22, New York 


SQUIBB 


MANUFACTURING CHEMISTS TO THE 


SURGERY 


MAJOR DEVELOPMENT IN SURGERY: 


tion, this non-anesthetic agent “‘acts quick- 
ly, producing in less than a minute a 
dramatic and complete relaxation of the 
skeletal muscles.”? Intocostrin is a puri- 
fied, standardized extract of chondoden- 
dron tomentosum, the main active ingredi- 
ent of which is d-tubocurarine, producing 
muscle relaxation through a readily reversi- 


ble myoneural block. 
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TRADEMARK 


MEDICAL PROFESSION SINCE 1858 


q ASN 

d KG 

SSS 


SURGERY 


When a Life 
Hangs in the Balance... 


...and progressive wasting increases the gravity of the prog- 
nosis, depletion of body proteins can be prevented. Parenamine 
—parenteral source of the indispensable and other amino acids— 


provides the elements of protein nutrition , . . sustains the re- 


generative processes essential to recovery. 


| Amino Acids Stearns 


RENIERAL 


For Protein Deficiency 


as in pre- and postoperative manage- 
ment, extensive burns, delayed healing, 
gastro-intestinal disorders, et cetera. 


PARENAMINE is a sterile 15 per cent 
| | solution of amino acids containing all 
|| known to be essentia! for humans, de- 
rived by acid hydrolysis from casein and 
| fortified with pure dl-tryptophane. 


ADMINISTRATION may be intravenous, 
intrasternal or subcutaneous. 


INDICATED in conditions of restricted 
intake, faulty absorption, increased 
need or excessive loss of proteins such 


SUPPLIED as 15, per cent sterile solution 
in 100 cc. rubber-capped bottles. 


Reprints and complete clinical data will gladly be sent on request. 


DETROIT 31, MICHIGAN 


SYDNEY, AUSTRALIA AUCKLAND, NEW ZEALAND 


KANSAS CITY WINDSOR, ONTARIO 


NEW YORK SAN FRANCISCO 


Trade-Mark Parenamine Reg. U.S. Pat. Off, 
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Just Released! 


NEW 


4th EDITION 


Key & Conwell’s 


FRACTURES, DISLOCATIONS 
AND SPRAINS 


® More than 200 new illustra- 
tions added and substituted. 


@ All recent developments in 
theory and practice included. 


@ Section on war wounds re- 
vised especially with regard to 
skeletal fixation and chemo- 
therapy. 


@ Complete revision of the 
chapter on Injuries of the 
Spine. Davis contributes a 
description of his gravity sus- 
pension method for the treat- 
ment of compression fractures 
of the spine and the section on 
cervical fractures and disloca- 
tions. 


By John Albert Key, B.S., M.D., and H. Earle Conwell, M.D., F.A.CS. 


1300 pages 


THE C. V. MOSBY COMPANY 
3207 Washington Boulevard 
St. Louis 3, Missouri 


Price, $12.50 


1316 illustrations 


Gentlemen: Send my copy of Key and Conwell’s Fourth Edition 


FRACTURES, DISLOCATIONS AND SPRAINS, $12.50 


() Attached is my check. 


(] Charge my account. 
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WEI MLDS, 


HE PREGNANCY AND LACTATION 
AFTER MAJOR SURGERY 
A CHRONIC GASTROINTESTINAL DISORDERS 
A NCREASED METABOLIC DEMAND 
A ANOREXIA OF CONVALESCENCE 
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NEO MULTI-VI CAPSULES 


Each capsule provides nine vitamins—including 
all clinically established vitamins in amounts which 
meet or exceed adult Recommended Dietary 
Allowances*, yet are not wastefully in excess of 
the needs of the average patient for whom such 
multiple vitamin reinforcement is indicated. This 
rational formulation alone makes for economy 
in use—but beyond this is the fact that White’s 
Neo Multi-Vi was purposely priced to provide 
maximum economy-to-patient. 


Bottles of 25, 100, 500, 1000 and 5000 capsules. 
Ethically promoted—not advertised to the laity. 


Whit *Food and Nutrition Board, National Research Council. ‘“‘Recom- 
) 


mended Dietary Allowances”’ Rev. 1945 are, of course, substantially 
NEWARK 7. J. above “Minimum Daily Requirements” promulgated by F. & D. A. 
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Valuable New Special Surgical Journal 


PLASTIC and RECONSTRUCTIVE SURGERY 


Official Journal of the American Society of Plastic 
and Reconstructive Surgery, Inc. 


A new periodical beginning publication in July, 1946. The first and only 
journal devoted entirely to this growing and important specialty. As the 
official journal of the leading scientific organization in this field it will repre- 
sent the highest standards. In addition to the best available original articles, 
the journal will carry abstracts, new items, and reviews of current interest. 
It will be well illustrated, many illustrations appearing in color. Published 
bimonthly, one volume of 500 pages per year, the subscription price is $6.00 
per volume. 

Plastic and reconstructive surgery is a most attractive and intriguing field 
for any good progressive general surgeon, who is seeking wider scope for his 
skill, initiative and ingenuity. The war with its aftermaths, the coming tre- 
mendously increased use of automobiles and airplanes, the hazards of indus- 
try, even domestic accidents, will provide a continual flood of cases, needing 
and nowadays demanding, not only restoration of function, but also of appear- 
ance, as far as is humanly possible. Younger surgeons especially must re- 
spond by adequate preparation now, and this new journal will be a continual 
help to sound principles, new ideas, and well-tested methods, supplied by 
successful leaders in the field. 


Editor-in-Chief: Warren B. Davis, Philadelphia 


Associate Editors: 


Gustave Aufricht, New York City Gordon B. New, Rochester, Minn. 
James Barrett Brown, St. Louis Neal Owens, New Orleans 


Sterling Bunnell, San Francisco Lyndon A. Peer, Newark, N. J. 
Robert H. Ivy, Philadelphia George W. Pierce, San Francisco 
Edward A, Kitlowski, Baltimore Clarence R. Straatsma, New York City 


James Theodore Mills, Dallas Jerome P. Webster, New York City 


Be a charter subscriber. 
Use the subscription blank below. 


PLASTIC AND RECONSTRUCTIVE SURGERY 
The Williams & Wilkins Company 
Baltimore 2, Maryland 


Please enter my name as a charter subscriber for Plastic and Reconstructive Surgery. 
I enclose $6.00 in payment. 


(Please give zone number) 
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Fewer Injections 
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More Lasting Relief from 


Menopausal Distress 


EsreriricaTIon prolongs the effect of this estrogenic 
hormone, thereby making fewer injections necessary. 
Di-Ovocylin, the dipropionic acid ester of alpha- 
estradiol, is therefore the therapy of choice for 
convenience and economy. 


In management of the menopause, for example, 
Greene* points out that estrone injections may be 
required as often as two or three times per week, 
while a single injection of estradiol dipropionate, 
every fourteen to twenty-one days will control 
symptoms in the majority of patients. 
*Greene, R. R.; Int. Abst. Surg. 74: 595, 1942 

DI-OVOCYLIN--T rade Mark Reg. U. S. Pat. Off. 


Clinical and laboratory 
evaluations of estrogens 
demonstrate more pro- 
longed effect of estradiol di- 
propionate. (Di-Ovocylin) 
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Response in 


White’s Mol-Iron is a specially processed 
co-precipitated complex of molybdenum 
oxide 3 mg. (1/20 gr.) and ferrous 

sulfate 195 mg. (3 gr.). Available clinical 
evidence indicates that it is not only toler- 
ated much more staisfactorily than ferrous 
+ sulfate, but also that its use provides the 

Striking advantages charted below: 


MOL-IRON 
GREATER RAPIDITY FeSO, 
OF TREATMENT DAYS 
Completely effective therapeutic response (return to normal blood values) 
CLINICAL RESPONSE was obtained in an average of 13.7 days of Mol-lron therapy—whereas 
ferrous sulfate therapy failed to produce normal hemoglobin values even 
after an average of 20.3 days. 
DAILY GRAMS PER CENT 
HEMOGLOBIN INCREASE Note that the group treated with Mol-lron averaged a daily hemoglobin 
increase markedly greater than the increase achieved with ferrous sulfate. 
3.5 Gm. MOL-IRON 
MUCH LOWER <a 7.87 Gm. FeSO 
>RAMS 4 
AVERAGE The group treated with ferrous sulfate ingested 100% more bivalent iron 
INTAKE OF IRON than the Mol-lron treated group—yet in the Mol-lron group a return to normal 
blood values was achieved whereas optimal response in the ferrous sulfate 
treated group was not accomplished in the period of study. 
Charts summarize results of controlled study of comparative 
therapeutic response in post-hemorrhagic and nutritional 
hypochromic anemias. Series includes 49 cases treated with Mol-Iron, 
WHITE 21 with exsiccated age ees ; results are typical of those 
observed in treatment of iron-deficiency anemias with 
LABORATORIES, INC. | White's Mol-Iron. 
Pharmaceutical DosaGE: i or 2 tablets 3 times daily after meals. 
Manufacturers Bottles of 100 and 1000 tablets. 


NEWARK 7, NN. J. 


Ethically promoted—not advertised to the laity. 
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A Stethoscope Especially 
Designed for Auscultating 
the Fetal Heart 


Designed by 
Morris Leff, M.D. 
New York City 


Price Complete, $12.00 


HE LEFFSCOPE has many advantages over the ordinary type 
Stethoscope for auscultating the fetal heart. 


Its large surface facilitates the localization of the fetal heart, while 
the heavy weight is sufficient to keep it in place on the abdomen without 
extra pressure. Friction sounds are eliminated. 


Fetal heart sounds can always be heard with it. Relieves physician 
from strain when listening for long periods. Hands are left free, to hold 
watch, to compare fetal and maternal pulse or for other purposes. 


Can be placed under sterile sheet on abdomen during delivery and 
nurse or anesthetist can watch fetal heart sounds at all times. 


At Surgical Supply Distributors 


Developed and Produced by 


LONG ISLAND CITY, N. Y. 
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You Should Subscribe Now for 


these Special Journals... 


American Journal of Obstetrics 
and Gynecology 


Representing The American Gynecologi- 
cal Society, The American Association of 
Obstetricians, Gynecologists and Abdomi- 
nal Surgeons, and nine other societies. 
Editor: Geo. W. Kosmak, M.D.; Asso- 
ciate Editors: Howard C. Taylor, Jt., 
M.D., and Wm. J. Dieckmann, M.D. 


Published monthly. Subscription rates: 
Domestic and for the Pan-American 
Countries, $10.00; Canada, $11.50. For- 
eign Countries, $11.00 a year. 


The Journal of Pediatrics 


Official organ for The American Acad- 
emy of Pediatrics. Editors: Borden S. 
Veeder, M.D., and Hugh McCulloch, M.D. 


Published monthly. Subscription rates: 
Domestic and for the Pan-American 
Countries, $8.50; Canada, $10.00. Foreign 
Countries, $9.50 a year. 


The Journal of Laboratory and 
Clinical Medicine 


Carl V. Moore, M.D., Editor. Asso- 
ciate Editors: W. C. MacCarty, M.D.; 
T. B. Magath, M.D.; Victor C. Myers, 
Ph.D.; Edward Muntwyler, Ph.D.; George 
Herrmann, M.D.; Clifford J. Barborka, 
M.D.; Russell L. Haden, M.D.; John A. 
Kolmer, M.D.; M. H. Soule, Se.D.; Paul 
R. Cannon, ‘M.D.: Arno old D. Welch, 
Ph.D., M.D.:; Frederick J. Stare, M.D. 


Published monthly. Subscription rates: 
Domestic and for the Pan-American 
Countries, $8.50; Canada, $9.50. Foreign 
Countries, $9.50 a year. 


American Journal of Syphilis, 
Gonorrhea and _ Venereal 
Diseases 
J. E. Moore, M.D., Editor; Charles F. 


Mohr, M.D., Associate Editor. Advisory 
Editorial Board: 


. Parran, M.D.: P. 8. 
Stokes, M.D.: R. A. Vonderlehr, 


Published bi-monthly. Subscription 
rates: Domestic and for the Pan-Ameri- 
can Countries, $7.50; Canada, $8.50. For- 
eign Countries, $8.00 a year. 


The C. V. Mosby Company—Publishers—St. Louis 3, Mo. 


The Journal of Thoracic Sur- 
gery 


Representing The American Association 
for Thoracic Surgery. E. A. Graham, 
M.D., Editor; Brian Blades, M.D., and 
Richard H. Mead, Jr., M.D., Associate 
Editors. 


Advisory Editorial Board: John Alex- 
ander, M.D.; Edward Wm. Archibald, 
M.D., Edward D. Churchill, M.D.; Leo 
Eloesser M.D,; Stuart W. Harrington, 

Howard Lilienthal, M.D.; Rudolph 
M.D. 


Published bi-monthly. Subscription 
rates: Domestic and for the Pan-Ameri- 
can Countries, $7.50; Canada, $8.50. For- 
eign Countries, $8.00 a year. 


American Heart Journal 


A Journal for the study of circulation. 
Published monthly under the editorial 
direction of The American Heart Associa- 
tion. Editor-in-chief, Thomas M. Mc- 
Millan, M.D.; Associate Editors: Wallace 
M. Yater, M.D., Samuel Bellet, M.D., 
Louis Laplace, M.D. 


Subscription rates: Domestic and for 
the Pan-American Countries, $10.00; Can- 
ada, $11.50. Foreign Countries, $11. 00 a 
year. 


The Journal of Allergy 


Official Organ “ The American Academ 
of Allergy. H. Edt 

M. B. Cohen, M.D.; R. ae M.D.; 
Ss. M. Feinberg, M.D. ; Ay. B. Hooker, 
MM. Rackemann, M.D. ; B. 
Sulzberger, M.D.; L. Tuft, M.D.; M. Wal- 
zer, M.D. 


Subscription rates: Domestic and for 
the Pan-American Countries, $7.50; Can- 
ada, $8.50. Foreign Countries, $8.00 a 
year. 


Surgery 


Alton Ochsner, M.D., and Owen H. 
Wangensteen, M.D., Editors. Alfred Bla- 
lock, M.D., Associate Editor. Published 
monthly. ‘Subscription rates: Domestic, 
$10; Canada, $11.50; Foreign, $11 a year. 


t@ Enter your subscriptions to these important special journals today. If you prefer, 
we shall be glad to send a sample copy. 
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FROM THE PAINTING BY RICHARD LANTRY PARTINGTON 


fobn B. DYeaver 


1855-1931 


Master Surgeon, Author, and noted Lecturer. A Founder, and later President, American College of Surgeons; John 
Rhea Barton Professor of Surgery, and later Emeritus Professor of Surgery, University of Pennsylvania School of 
Medicine, and Professor of Surgery of the Graduate School of Medicine; Surgeon-in-Chief of Lankenau Hospital; 
Author of “Surgical Anatomy of the Human Body” (3 volumes), “Appendicitis,” “Surgical Anatomy of the 
Head and Neck,” “Enlargement of the Prostate,” and “Surgery of the Upper Abdomen” (with A. P. C. Ashhurst). 


COURTESY, AMERICAN COLLEGE OF SURGEONS 


From the series, Great American Surgeons. Reproductions suitable for framing sent free on request to: 


ETHICON SUTURE LABORATORIES, DIVISION OF JOHNSON & JOHNSON, NEW BRUNSWICK, N. J. 
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Knot-Breakage Further Minimized 


Suture strength is most essential to the surgeon 
when the knot is being tied. This is the time of 
greatest strain. Ethicon’s increased strength will aid 
in further reducing knot breakage. 


@ Here are 3 new contributions to your surgical 
technic: 


1. Knot-breakage reduced by increased tensile 
strength. 


2. Foreign body reaction reduced. Many sur- 
geons will find smaller sizes adequate. 


3. Catgut now usable in many new situations, 
with the smallest sizes ever made (6-0 and 5-0). 


INCREASED STRENGTH 


New exclusive processes developed by the 
Ethicon Laboratories have resulted in increases 
in tensile strength as high as 25% greater than 
any other catgut suture meeting U.S.P. diam- 
eter specifications. 

Knot breakage is further minimized. The 
amount of pull exerted in knot-tying varies 
widely among surgeons. Those whose technic 
makes maximum demands on a suture’s 
strength will have less breakage with the new, 
stronger Ethicon strands. 


USE SMALLER SIZES—REDUCE REACTION 
It is now generally accepted that the greater 


GREATER STRENGTH 


the amount of suture material embedded the 
greater is the tissue reaction. 

Smaller sizes of catgut retain their integrity 
longer than larger sizes. The larger the suture, 
the greater the increase in phagocytosis and 
enzymatic digestion. The smaller sizes arouse 
decidedly less foreign body reaction, hence they 
maintain their integrity longer. 


RELATIVE VOLUME CONTENT 


SIZE O 
29% Less volume than Size 1 


SIZE 00 
36% Less volume than Size 0 


SIZE 2 
(x 19) 


SIZE 1 
27% Less volume than Size 2 


Foreign Body Reaction Reduced. The above chart 
shows possible reductions in amounts of suture ma- 
terial embedded in tissue when smaller sizes are used. 
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LABORATORIES 


FOR THE FIRST TIME...TRUE 6-0 AND 5-0 CATGUT! 


New Fields Opened for Absorbable Sutures 


EYE SURGERY 


A suggested use of 
Ethicon 6-0 Catgut 
1S IN Operations on 
the eye. The illustra- 
tion shows a method 
‘ of suturing the lim- 
bus section in extrac- 
tion of senile cata- 
Tract. 


SALPINGOSTOMAPLASTY 


ucosA 
GasTRIC M When delicate tissues 


Minimal foreign body 


is a great a 


dvantage ° 


reaction 
{ these 


psorbable sutures. 


are being sutured, the 
new finest gauge absorb- 
able catgut Permits a 


finest gauge 4 


tive 
‘cues where the repara more refined technic for 
In tisst oceeds rapidly, suc example in salpin ost 
mucosa, 6- maplasty as done by Dr. 
e . 
catgut should prove I. C. Rubin, 
chro 


excellent . 


© Exceptionally fine-gauge sutures that are _—‘6-0 and 5-0, both strictly U.S.P. gauge, and 
absorbable answer a long-felt need of many __ with tensile strength up to 60% greater than 
surgeons. Ethicon now offers such sutures U.S. P. requires. They have received exten- 
in a standard, dependable material—Catgut, _ sive clinical tests by leading specialists. 


Current demands for Ethicon Tru-gauged Catgut Sutures are so great that a small part of our pro- 
duction includes hand-polished material. An increase in processing facilities will soon assure a 
quantity of Tru-gauged Gut sufficient to meet all demands. 


ia: 
¥ 
~ 
Sor very Frocedure 
| 


For closure of cleft lip; the’surgeon frequently 
selects black braided silk. 


When silk sutures are indicated 


e@ Where prolonged holding tension and minimal tissue irritation are de- 
sired, make Ethicon Tru-Formed Black Braided Silk your Suture of choice. 

Ethicon Silk averages as high as 20% stronger than ordinary surgical 
silk, as shown by independent laboratory tests. It gives the surgeon the 
maximum degree of holding power with the minimum amount of foreign 
material. 

The gauge, or diameter, of a silk suture is closely related to its strength. 
U.S.P. specifies diameter tolerances, which are strictly observed by Ethicon. 
Non-Capillary. Serum-Proof. Non-Toxic. Does not adhere to tissue. 


@ One secret of Ethicon Silk uniformity is its 
unique construction, which results in a “Tru- 
Formed” strand that retains its cylindrical struc- 
ture. 


BLACK-BRAIDED 


TRU-FORMED SILK 


ETHICON SUTURE LABORATORIES 
Division of Johnson & Johnson, New Brunswick, N. J. 
World’s Largest Manufacturer of Surgical Catgut 


Suture Laboratories at New Brunswick, N. J.; Chicago, Ill.; Brazil; Argentina; England; Australia 
Copyright 1946, Johnson & Johnson Printed in U.S.A. 
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Burns and wounds which obstinately fail to heal often present troublesome 
complications—especially when treatment is hampered by limitations im- 
posed by the site, area and nature of the lesion. 

In such cases local vitamin A and D therapy with— 


frequently proves efficacious—partic- 
ularly in chronic wounds which have 
not responded favorably to previous 
treatment. 

Healthy granulation and rapid epi- 
thelization are promoted without de- 
struction of epithelial elements. Con- 
tractures do not result. Infection is 
inhibited, Skin grafting is minimized. 
No tenacious coagulum is formed. 

White’s Vitamin A and D Oint- 
ment presents these vitamins—derived 
from fish liver oils—in approximately 
the same ratio es in cod liver oil. 


PHARMACEUTICAL 


Ethically promoted—not advertised to the laity. 


AMIN 
OINTMENT 


INDICATIONS: 
SLOW HEALING POSTOPERATIVE WOUNDS 
CRUSHING AND AVULSIVE SOFT TISSUE INJURIES 
BURNS OF ANY DEGREE OR LOCATION 
INDOLENT ULCERS OF ALL TYPES 
CERTAIN DERMATOLOGIC AFFECTIONS COMMON 
IN INDUSTRY 
Supplied in four convenient sizes: 1.5 oz. tubes, 
8 oz. and 16 oz. jars and 5 lb. containers. 
Free from unpleasant odor and excessive oili- 
ness; keeps indefinitely at ordinary tempera- 
tures without developing rancidity. 
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full recovery through a miracle of distribution 


Tuts urrrte crrt will be up tomorrow. Ten days ago she was suddenly 
stricken with streptococcic septicemia. Her physician needed penicillin— 
plenty of it, right away. Fortunately, the drug store had a sufficient quantity 
in stock to start treatment. The pharmacist hurriedly called his service 
wholesaler, and an adequate supply of Penicillin, Lilly, was promptly 
available. 

In over two hundred wholesale houses, in every corner of the nation, 
Penicillin, Lilly, is kept properly stored, ready for immediate delivery. 
Quick availability is vitally important in cases of desperate illness. Specify 


Penicillin, Lilly, through your favorite prescription pharmacy. 


LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, 


U. 


Ss. 
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Dr. Walter E. Dandy Birthday Number 
(Concluded ) 


PERIPHERAL NERVE INJURIES 


I. THE Resuuts or ‘*‘ EARLY’’ NERVE SUTURE: 
A PRELIMINARY REPORT 


LIEUTENANT COLONEL BARNES WooDHALL, M.C., A.U.S., AND 
CAPTAIN WILLIAM R. Lyons, M.A.C., A.U.S. 


(From the Surgical Consultants Division, The Surgeon General’s Office, Washington, D. C., 
and Halloran General Hospital, Staten Island, New York, N. Y.) 


FOREWORD 


HE knowledge concerning the biologie and technical factors involved in the 
repair of peripheral nerve injuries which might have stemmed from the 
accumulated experience of World War I was almost entirely lost, primarily be- 
cause no formal follow-up studies of such injuries were initiated. In the interval 
of peace between that war and World War II little progress was made along 
these lines because nerve injuries are relatively uncommon in civilian life and 
even experienced neurosurgeons have difficulty in collecting sufficient clinical 
material to provide a basis for definitive statements about special techniques. 

For these reasons the management of peripheral nerve injuries was little 
further advanced at the beginning of this war than it was at the end of the 
last war. Fortunately, however, it was promptly recognized that the opportuni- 
ties provided in this war would be lost, just as they had been in the last war, 
if a concerted effort were not made to utilize the mass military neurosurgical 
experience. The establishment of a Peripheral Nerve Registry for the evaluation 
of peripheral nerve surgery as it was practiced in Overseas Theaters and in the 
Zone of the Interior was the outcome of this realization. 

The assessment of the end results of this phase of neurosurgery is a long- 
term endeavor, and sufficient time has not yet elapsed to permit any but pre- 
liminary reports. Nonetheless, this first report from the Peripheral Nerve Reg- 
istry, though it is necessarily inconclusive, makes clear the brilliant results al- 
ready achieved by the policies laid down for the management of these injuries 
by the neurosurgical consultants, whose policies were, in turn, the result of the 
policies of specialization of personnel and concentration of specialized material 
under which the surgical consultants division of the Surgeon General’s Office 
has operated since its inception. This preliminary report also makes clear the 


757 


V 9 N 
ou. No. 6 


SURGERY 


valuable contributions which will continue to flow from these studies, the lessons 
of which are readily applicable to civilian neurosurgery. 

Without the cooperation of the neurosurgeons in the Theaters of Operations 
and the Zone of the Interior the Peripheral Nerve Registry could not have sue- 
ceeded. Approximately 5,000 peripheral nerve sutures have now been recorded, 
and a steadily increasing number of assessments is being received in the Surgeon 
General's Office. The contemplated transfer of the Registry to the Veterans’ 
Administration and the further study of nerve regeneration under its auspices 
should permit conclusive results concerning this phase of neurosurgery during 
the coming years. 

FRED W. RANKIN 


Brigadier General, M.C , U.S. Army 
Chief Consultant in Surgery 


F THE great mass of war casualties suffering from peripheral nerve injuries 

could have been transported and distributed rapidly to the general hospitals 
designated as neurosurgical centers in the Zone of the Interior (the continental 
United States), there would have been no indication for an integrated attack 
overseas upon this special problem. Since many casualties could not be trans- 
ported for various reasons, both physical and tactical, it was necessary to develop 
in overseas installations a program of treatment designed to promote for each 
individual patient a maximal chance for rehabilitation. ‘* Early’? nerve suture 
as practiced in the neurosurgical centers of the United Kingdom was, therefore, 
in large part a phase of military neurosurgery. It will be apparent, however, 
that the experience gained in its use is readily applicable to nerve suture per- 
formed in a more desirable environment. 

By successive directives and technical reports’: '* the eare of a peripheral 
nerve injury sustained in combat was divided into two distinct phases. The 
first included the preservation of the extremity as a whole and the prevention 
of infection, which was achieved by débridement and by delayed wound closure. 
Whenever possible, at either the first or the second of these procedures, divided 
peripheral nerve tissue was coapted by a radiopaque suture and was protected 
from the pressure of dressings by contiguous muscle or fascial tissue. At such 
operations the extensive mobilization and transplantation dissections which are 
essential in restoring nerve defects were regarded as contraindicated by the 
probability of subsequent infection. If nerve suture is attempted under these 
circumstances, recourse must be made to joint posturing which is often un- 
physiologic in extent, and the thin, friable epineurium characteristic of a freshly 
divided nerve and the necessary postoperative stretch upon the site of suture are 
further technical factors prejudicial to successful axonal regeneration. 

The second phase of the care of a peripheral nerve injury sustained in com- 
bat has to do with reconstructive surgery, including definitive suture, physio- 
therapy, and the observation of regeneration. As the time period from the 
injury lengthens, however, progressive deterioration occurs in the distal nerve 
segment, characterized by epineural, perineural, interfascicular, and endoneural 
fibrosis, by nerve bundle atrophy, and by an irregular tubule atrophy leading 
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rapidly to complete obliteration of the tubule cross-section area.’ When to 
these changes are added muscle atrophy, nerve ending degeneration, and peri- 
articular fibrosis, the barrier to nerve regeneration after a three-month period 
becomes increasingly formidable. Early nerve suture, as practiced by overseas 
military neurosurgeons, was designed to take advantage of the favorable time 
period commensurate with optimum nerve regeneration, that is, not earlier than 
three weeks and not later than three months after nerve injury. 

Early nerve suture is influenced under military conditions by many cireum- 
stances other than the obvious ones of a complicated injury and the pressure of 
bed evacuation. At least three other factors had to be taken into consideration, 
namely, properly trained personnel, their technical dexterity, and the varying 
immediate response of a peripheral nerve to an inflicting force. 

The present communication is concerned entirely with an effort to establish 
or disprove the value of early nerve suture as a military neurosurgical proce- 
dure, keeping in mind the major influence of time after injury and the sub- 
sidiary factors already noted. Successive reports will be concerned with such 
other data as ballistic studies, the bone, vessel, and soft tissue complications of 
peripheral nerve injuries, regeneration in special nerves, and the duration of 
hospitalization for nerve injuries. 


NERVE REGISTRY 


PERIPHERAL 


THE 


In an endeavor to evaluate the influence of standardized procedures and 
newly developed technical advances upon the end results of peripheral nerve 
repair, a Peripheral Nerve Registry was established by the Surgeon General 
Nov. 22, 1944.° At first the Registry was maintained only in the nineteen general 
hospitals in the Zone of the Interior designated for the care of neurosurgical 
casualties, all of which were headed by diplomates of the American Board of 
Neurological Surgery. Later the initiating forms were extended to overseas 
installations. The maintenance of the Registry and the compilation of reports, 
which are submitted every three months, was made the responsibility of the 
neurosurgical staffs of the various centers, and the present report is the result 
of the efforts of eighty-five reporting surgeons. 

Certain facts concerning the Registry should be emphasized. In the first 
place, it was designed for specialized studies which can be carried out only by 
medical personnel trained in neurosurgery and which extend far beyond the 
confines of purely statistical data. Statistical studies as such are the function 
of the Surgeon General’s Office. 

In the second place, as will be observed from Tables I to XII, few of the 
clinical categories are complete on all forms received. In part the omissions 
are due, as is true of all similar studies, to careless recording. There are, how- 
ever, more pardonable reasons. One is that in combat areas careful initial 
observations were frequently not possible, for obvious reasons. Another is 
that even on higher levels a large amount of paper work is required in all hos- 
pital installations and there is a limit to the capacities of an observer, no matter 
how great his enthusiasm. While it would have been desirable in many instances 
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TABLE I. NERVE INVOLVEMENT AND TYPE OF END-TO-END ANASTOMOSIS (ORIGINAL DEFINITIVE 
PROCEDURE) IN 669 NERVE INJURIES SUSTAINED BY 563 CASUALTIES* 


NERVE PREVIOUS BULB SUTURE | TYPE NOT | PROPORTIONATE 

INVOLVED WITH | WITHOUT STATED TOTAL DISTRIBUTION 
Ulnar Ri) 181 29 215 32.3 
Sciatic 105 24 129 19.3 
Median 98 16 114 17.0 
Radial 2 83 11 96 14.4 
Peroneal 55 13 68 10.1 
Tibial 18 1 19 2.8 
Musculocutaneous 8 1 
Brachial plexus 6 2 Ss 1.2 
Facial 1 1 0.1 
All others 8 2 10 1.5 
Total injuries 7 D638 99 669 100.0 


*Three instances in which nerve grafting was the original definitive procedure (ulnar, 
radial, sciatic) are not included in this table. 
to have more complete data, those supplied were, on the whole, ample for the 
purposes of this study. 

In the third place, the Registry forms, although necessarily detailed, were 
deliberately kept as simple as possible. This is particularly true of the assess- 
ment of degrees of recovery, in which the categories were adopted, with only 
minor changes, from those which the British, with a much longer experience, had 
found to be practical. A Registry designed for the recording of a potential 
reservoir of many thousands of cases obviously cannot be devoted to minutiae, 
however attractive such an analysis might be. That task must be reserved for 
single observers studying personal series of cases. 

Finally, of the many difficulties inherent in the appraisal of neural regen- 
eration after suture, not the least is the prolonged time interval required for 
successful neural regeneration to be finally assessed. This difficulty has been 
met in part by requiring that assessments of all cases in the Registry be sub- 
mitted at successive three-month intervals. On the other hand, the recognition 
of frank failures or of variations from the usual tranquil course of axonal regen- 
eration demands only the presence of trained observers and a central means for 
assembling pertinent data. 

The Peripheral Nerve Registry Report S. G. Form 941 provides for the 
reporting of the following data: 

A. Identification and administration, including the name of the general hospital; the 
hospital and the Peripheral Nerve Registry serial numbers; the patient’s name, Army Serial 
Number, organization, and arm or service; the dates of his admission, operation, and dis- 
charge and the date of the report; the name of the operating surgeon; the type of admission 
(original or readmission) ; the date of the patient’s disposition to full or restricted duty, or 
of the certificate of disability for discharge or retirement, or of transfer to another type 


of hospital installation; the total time lost from duty and the lapse of time before opera- 
tion and disposition. 


TABLE IT. INCIDENCE OF SINGLE AND MULTIPLE NERVE INJURIES 


INJURIES CASES PROPORTION 
Single 659 91.9 
Multiple 50 8.1 


Total 619 100.0 
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CAUSATIVE AGENT IN 595 BATTLE AND 25 ACCIDENTAL PERIPHERAL NERVE INJURIES 


TABLE IIT. 


PERCENTAGE 


AGENT CASES 


Shell or bomb fragment, shrapnel 385 62 
Gunshot wound or bullet 160 26 
Accidental 25 4 
Land mine, booby trap, grenade 17 3 
Unspecified 338 5 


B. The date, cause, and location of the injury, and the nerve or nerves involved. 

C. The operative findings. Since the Registry was set up for a study of nerve suture 
and nerve grafting, operative findings are limited to the measurement in centimeters of the 
nerve defect or gap before surgery, that is, before surgical dissection, and after surgery, 
that is, after pathologie tissue has been resected and the extent of the defect or gap is evident. 

D. Pathologic findings, stated in such established terms as proximal or lateral neuroma, 
distal glioma, anastomosis line, neuroma in continuity, and graft. 

E. Operative details including, according to whether nerve suture or nerve graft was 
done, the type of dissection (mobilization, transplantation, bone resection, ete.) ; the type 
of suture (primary, bulb, secondary, tertiary, ete., and complete or partial); the suture 
material; the use of stay sutures; the use and method of application of nerve sheaths or 
cuffs; the type of graft (full thickness, cable); the derivation of the graft (autogenous, 
homogenous, heterogenous); the character of the graft (fresh, predegenerated, fixed, dehy- 
drated) ; the technique of insertion; and other pertinent details in the particular case. 

F. Assessment of motor recovery in the following terms: 


0. No contraction. 
1. Perceptible contraction in proximal muscles. 
2. Same as No. 1 plus return of perceptible contraction in distal muscles to such a 


degree that sufficient power is present to act against resistance. 
3. Same as No. 1 and No. 2 plus return of synergic and isolated movements, 


4. Complete recovery. 
G. Assessment of sensory recovery in the autonomous zone in the following terms: 


0. Absence of sensibility. 
1. Recovery of deep cutaneous pain. 
2. Recovery of some degree of superficial pain and touch. 
3. Recovery of pain and touch without overresponse. 
4. Same as No. 8 plus recovery of 2-point discrimination. 
H. The progressive descent of Tinel’s sign recorded in centimeters. 
I. Data as to the influence of bone, blood vessel, and extensive soft tissue (plastic) 
injury, intraneural pathologie changes, overseas procedures, and other factors which might 
influence the course of neural regeneration. 


TABLE IV. ASSOCIATED LOCAL DAMAGE IN 621 PERIPHERAL NERVE INJURIES 


TYPE OF DAMAGE NUMBER OF CASES PROPORTION OF REPORTED CASES 
Bone 80 21.7) 

Vascular 47 12.7| 

Soft tissue* 4' 140 1.1$ 37.9 

Bone and Vascular 

Bone and soft tissue 4} 1.1] 

None 229 62.3 

Unknown or unreported 252 


*Counted as such only in instances of marked loss of substance or severe infection 
requiring plastic procedures. 


The original assessment of recovery as defined by electrical percutaneous 
studies was based upon the simplified classification devised by de Jong.® 1° The 
studies usually conducted in Army installations, aside from certain other dis- 
advantages, are complicated for purposes of record. They were also designed 
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Chart A. 


to be transposed at some future date in terms of the promising galvanic-tetanus 
‘atio studies conducted by Pollock and his associates'' among Army casualties. 
This method, and the equally provocative skin resistance studies of Whelan and 
Richter’? and of Jasper and Robb* have therefore been placed in the Registry 
but to date have not been made mandatory. 


MATERIALS AND METHODS 


During the interval between D-Day, June 6, 1944, and V-E Day, May 8, 
1945, 6,245 casualties with peripheral nerve injuries were admitted to the 
twelve neurosurgical centers established in the United Kingdom and operated 
under the over-all direction of Colonel R. Glen Spurling, Senior Consultant in 
Neurosurgery, Kuropean Theater of Operations. Operation was performed in 
2.873 of these cases.'* In 1,319 cases, procedures described as external or in- 
ternal neurolyses were carried out. In the remaining 1,554 cases (54.1 per cent) 
peripheral nerve division was encountered and end-to-end suture was accom- 
plished.* These operations were performed on an average of thirty-nine days 


*This also includes a small number of cases handled in other theaters of 


operations. 
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PROPORTIONATE DISTRIBUTION IN RESPECT TO TIME INTERVAL BETWEEN WOUNDING 
AND DEFINITIVE NEUROSURGERY IN 661 CASES 


TABLE V. 


TIME INTERVAL l 


(DAYS) | ACTUAL CASES |PERCENTAGE | CUMULATIVE CASES PERCENTAGE 
Wounding 63 9.5 63 9.5 
6 22 3.3 85 12.8 
12 1 2.0 98 14.8 
1S 16 2.4 114 17.2 
24 3 4.7 145 21.9 
30 37 5.6 182 27.5 
36 66 10.0 248 
42 74 11.2 322 48.7 . 
1S 6S 10.3 390 59.0 
54 50 7.6 440 66.6 
60 48 te 488 73.9 
66 26 3.9 514 77.8 
72 21 oes 535 81.0 
78 34 569 86.1 
S4 P6 3.9 595 90.0 
90 12 607 91.8 
120 33 5.0 640 96.8 
150 10 1.5 650 98.3 
180 I 0.2 651 98.5 
Over 180 6 0.9 657 99.4 
Unknown 4 0.6 661 100.0 


TIME INTERVAL BETWEEN WOUNDING AND NERVE SUTURE 


PERCENT PERCENT 


90 


DAYS 
Chart B. 
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TABLE VI. TECHNIQUE OF END-TO-END ANASTOMOSIS IN 648 OPERATIONS FOR PERIPHERAL 
NERVE INJURIES* 


TECHNIQUE NUMBER OF CASES PROPORTION OF REPORTED CASES 
Complete 585 90.5 
Partial 63 9.7 
With tantalum wire 448 75.1 
Other suture material 141 23.6 
Both 8 
With stay suture 191 42.5 
Without stay suture 258 57.5 
Wrapped in tantalum foil 374 97.9 
In other material 8 2.1 
With mobilization 263 72.6 
Transplantation 47 13.0 
Both 52 14.4 
With bone resection 4 


*Only positive (stated) data are included under each heading. 


after the injury. While the total number of peripheral nerve operations carried 
out at the time of injury or shortly afterward in evacuation hospitals or other 
facilities of this type is not known, eighty-nine have been recorded, which is 
a sufficient number to make possible a comparison of results between this prae- 
tice and the practice just described as early nerve suture. 

The following methods of analysis were employed : 

1. Significant samples of cases of early nerve suture, ranging from 450 to 
649, were chosen for study as the records appeared successively in the Registry. 
The period of observation after operation in these groups ranged from three to 
twelve months and the instances of early if incomplete regeneration included in 
the analysis represent instances of incomplete nerve division. The initiating 
forms and assessments were coded and from these cards the statistical studies 
reported in Tables I to XI were derived. Since each study was of a specialized 
character, the total number of cases varies to some degree in each individual 
compilation. 

2. In order to compare the validity of results obtained in neural regenera- 
tion as demonstrated by the coding and statistical analysis of a large group of 
eases within the specifications of the Registry and of a smaller group analyzed 


TABLE VII. RATE OF MoTOR RECOVERY BASED ON MONTHLY POSTOPERATIVE ASSESSMENTS IN 


649 STATED CASES OF PERIPHERAL NERVE INJURY 


POSTOPERATIVE 

TIME INTERVAL RECOVERY CODE 

(MONTHS) 0 1 2 2 4 
1.9 54 5 2 7 
2.9 67 6 3 
3.9 21 7 ] 
4.9 71 11 6 } 
5.9 32 13 6 5 
6.9 32 25 14 s 1 
7.9 14 9 5 4 
8.9 10 9 4 4 

9.9 9 16 8 

10.9 3 2 


~ 


12 and over 5 
Total number assess- 
ments 


mt 
wr 
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RATE OF SENSORY BASED ON MONTHLY POSTOPERATIVE ASSESSMENTS IN 649 


TABLE VIII. 
STATED CASES OF PERIPHERAL NERVE INJURY 


POSTOPERATIVE 
TIME INTERVAL RECOVERY CODE 


(MONTHS) 0 2 3 + 


1 
10.9 1 i 3 1 
11.9 1 3 l 
12 and over 3 2 3 4 
Total number assess- 

ments 


447 109 24 


by a single individual (‘‘hand’’ analysis), 450 cases of nerve repair were selected 
for this purpose, distributed evenly among a group ranging, as to the time 
lapse, from those reported shortly after the Registry was implemented to those 
reported less than three months prior to this study. If hand analysis has any 
advantage over other methods it lies in the personal experience of the analyst 
and the uniformity of the personal equation. 

3. The hand analysis was then extended to 602 cases, including the 450 
originally studied by this method. Each instance of failure in this larger group 
was studied in detail and so far as possible material was secured in each case 
for pathologie study. The results of this inquiry are reported in Table XII 
and illustrative case reports are appended. 

Assessment of the first group of cases (450) studied by hand analysis pro- 
dueed the following results : 

345 patients showed evidence of nerve regeneration, divided as follows: 

110 patients showed progressive descent of Tinel’s sign, with evi- 
dence of motor regeneration (M, or higher) and of sensory regenera- 
tion (S, or higher). 


INTERVAL BY MONTHLY ASSESSMENTS BETWEEN OPERATION AND FIRST 
APPEARANCE OF TINEL’S SIGN IN 571 STATED CASES 


TABLE IX. 


POSTOPERATIVE PRESENT 
TIME INTERVAL EARLIER LATEST NEVER TOTAL 
(MONTHS) ASSESSMENT | ASSESSMENT TOTAL PRESENT ASSESSMENTS 
1.9 38 > 19 57 
2.9 53 53 20 73 
3.9 4 129 133 24 137 
4.9 61 61 22 83 
5.9 39 39 8 47 
6.9 9 50 59 9 68 
7.9 1 20 21 4 25 
8.9 1 18 19 s 22 
9.9 2 19 20 1 21 
10.9 3 
11.9 1 2 s 3 
12 and over 1 6 7 Ls 12 


Total 18 438 456 115 571 


55 5 3 
2.9 64 8 1 
9 133 22 8 3 saat 
9 70 11 6 3 
9 39 10 4 2 oa 
9 33 22 20 6 
9 18 5 6 2 a 
9 13 9 6 
1 
: 


SURGERY 


33 patients showed progressive descent of Tinel’s sign, with evi- 
dence of motor regeneration (M, or higher). 

28 patients showed progressive descent of Tinel’s sign, with evi- 
dence of sensory regeneration (S, or higher). 

163 patients showed progressive descent of Tinel’s sign. 

3 patients showed motor regeneration (M, or higher). 

2 patiehts showed sensory regeneration (S, or higher). 

6 patients, although they presented none of these signs, showed 
eross evidence of nerve regeneration when surgical exploration was 
carried out. 


RATE OF NERVE REGENERATION 


PERCENT 
100 


PERCENT 
100 


ATINEUS SIGN 


MOTOR Recoverve*// 
40 40 


/ 


/ 
/ 
"NsENSORY RECOVERY 


6 
MONTHS 


Chart C. 


53 patients presented no evidence of nerve regeneration, divided as follows: 
17 patients showed evidence of suture failure. 
2 patients showed evidence of graft failure. 
34 patients showed no evidence of regeneration in periods ranging 
from three months in 26 cases to nine months in 2 eases. 

In the remaining 52 cases, the time interval after suture was less than 
three months in 19 cases, while in 33 others no report after operation was 
available. 

The analysis of the 398 cases in which the appropriate data were available 
showed some degree of regeneration evident after three months in 86.7 per cent 
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INTERVAL BETWEEN OPERATION AND FIRST EVIDENCE OF MOTOR AND SENSORY 
RECOVERY IN 571 STATED CASES 


TABLE X. 


TOTAL 
ASSESSMENTS 


TOTAL 
RECOVERIES 


NO EVIDENCE OF 


EVIDENCE OF RECOVERY RECOVERY 


INTERVAL PREVIOUS LAST 
IN ASSESSMENTS ASSESSMENTS 
MONTHS MOTOR | SENSORY MOTOR |SENSORY MOTOR] SENSORY | MOTOR| SENSORY| MOTOR | SENSORY 
1.9 6 8 48 48 6 8 54 56 
2.9 9 10 62 60 9 10 71 70 
3.9 3 2 29 3 110 109 82 33 142 142 
4.9 1 18 18 60 59 18 19 78 78 
5.9 Z 20 16 29 34 22 16 51 50 
6.9 9 9 39 38 29 24 48 47 77 71 
7.9 2 2 13 11 13 19 15 13 28 32 
8.9 l 3 2 1] 10 12 13 14 ye 26 
9.9 4 4 14 8 9 16 18 12 at 28 
10.9 2 2 4 4 6 6 6 6 
11.9 1 1 ye a 1 3 1 
12 and over 1 2 o 5 bY 4 6 7 11 11 
Total assess- 
ments 25 26 171 160 3tD 385 196 186 571 571 


of all cases (345) and potentially unfavorable results in 13.3 per cent (53). 
The proved failures in 417 follow-up cases (including the 19 cases in which 
the time lapse after suture was less than three months) numbered 19, or 4.5 
per cent. The results in the 450 cases analyzed by the hand method show a 
remarkably close correlation with the 649 eases analyzed by the statistical meth- 
ods employed in the evaluation of the Registry cases (Table VII). 

The hand analysis carried out on the larger number of cases (602) needs 
no special comment except that the 5.0 per cent of failures (21 of 419 cases) 
which occurred in general hospitals is worth emphasizing, in view of the prin- 
ciples laid down for nerve suture, in contrast to the 22.4 per cent of failures 
(20 of 89 cases) which occurred in advanced units (Table XII). 

It is realized that the maximal period of observation in these cases, twelve 
months, is short for the assessment of full nerve regeneration, but it is sufficient 
to show the trend of normal nerve growth. Frank failures, on the other hand, 
are clearly manifest during a period of observation of this length. The 44 
failures which occurred in 602 instances of early nerve suture reported in the 


TABLE XI. INTERVAL BETWEEN OPERATION AND FIRST APPEARANCE OF TINEL’S SIGN IN 571 
OPERATIONS FOR PERIPHERAL NERVE INJURY* 


INTERVAL SIGN PRESENT SIGN NOT PRESENT TOTAL 
IN MONTHS CASES | PROPORTION CASES | PROPORTION ASSESSMENTS 

1.9 38 60.3 25 39.7 633 

2.9 91 66.4 46 35.6 137 
3.9 22 75.4 te 24.6 297 

4.9 285 74.6 97 25.4 382 
5.9 324 75.3 106 24.7 430 

6.9 383 78.2 107 21.8 490 

7.9 404 78.6 110 21.4 514 

8.9 423 79.2 11] 20.8 534 
9.9 4438 79.8 112 20.2 555 
10.9 446 79.8 Le 20.2 559 
11.9 449 80.0 112 20.0 561 


20.1 571 


the total and proportionate 


456 79.9 


*The figures and proportions are cumulative and represent 
number of cases assessed up to the stated period. 
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TABLE XII. DISTRIBUTION OF FAILURES IN RELATION TO HOSPITAL INSTALLATIONS IN 


EARLY NERVE SUTURE 


INSTALLATION ; CASES FAILURES PROPORTION 


General hospital r. 419 21 5.0 
Forward installations 89* 20 22.4 
Installation unknown 94 3 


Total 602 


4 


*Evacuation hospitals 53, other advanced units 36. 


Registry were therefore studied in detail, as already mentioned, in an endeavor 
to determine the cause of the unsuccessful results. Whenever possible, material 
was secured for pathologic study. 

From the standpoint of the time at which repair was done these cases fall 
into three groups: 
(1) 16 cases in which repair was done at the time of wound débridement. 
(2) 3 eases in which repair was done at the time of delayed wound closure. 
(3) 16 cases in which repair was done shortly after delaved wound closure. 

In the remaining nine cases the failures can be ascribed to various causes 
which bear no relationship to the time at which repair was done. 

Case reports representative of each of these groups of failures are appended 
and are preceded by reports of cases in which regeneration preceded normally. 


CASE REPORTS* 


Successful Nerve Suture Eighteen Days After Injury 


Case 1 (B. G. H.).—A soldier received a mortar shell fragment wound of the right 
upper arm, with division of the median and ulnar nerves, May 2%, 1944. After delayed 
wound closure both nerves were sutured June 10, 1944. No details concerning the operation 
were contained in the overseas clinical records. At the first Registry report Feb. 5, 1945, 
a progressive descent of Tinel’s sign was recorded. At the second report June 12, 1945, the 
descent amounted to 57.5 em., an average rate of 1.7 mm. per day, which corresponds 
rather closely with figures derived from more exact.y conducted clinical studies.12 At this 
time some degree of functional restoration was also evident. 


Successful Nerve Suture in Combined Bone-Peripheral Nerve Injury Forty-One Days 
After Injury 


CASE 2 (PNR 138, L. G. H.).—A soldier received a shell fragment wound of the right 
thigh Feb. 20, 1944, with a compound fracture of the femur and a division of the sciatic 
nerve. Débridement was performed and a hip spica applied February 21. Five days later 
the cast was removed, delayed wound closure was done, and balanced traction was instituted. 
Four Steinmann pins were inserted and a Roger Anderson external splint was applied April 7. 
The following day the defect in the sciatic nerve was sutured with black silk and a full leg 
cast was applied, in which the Steinmann pins were incorporated. The splint and pins were 


removed May 8 and a new cast was epplied. Function in the gastrocnemius and soleus muscles 
was first noted Nov. 25, 1944, and by Jan. 5, 1945, was 25 per cent of normal. By May 21, 
1945, plantar ankle flexion was estimated at 75 per cent, although there was still no evidence 
of function in the flexor digitorum longus or flexor hallucis longus. The peroneal muscula- 
ture was also still paralyzed, but the sensory zone of the common peroneal nerve showed 
an S, response and there has been a progressive descent of Tinel’s sign to the level of the 
tibial condyles over the course of both sciatic components. 


*Each patient is identified by the Peripheral Nerve Registry number and initials of the 
particular hospital in the Zone of the Interior in which treatment was carried out. 
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Comment.—These two eases have been selected for presentation for two 
reasons: (1) Both suggest the progressive, uneventful course of nerve regen- 
eration exhibited in the majority of cases of early suture reported in the Reg- 
istry. (2) Both indicate, even in the abbreviated form in which they are pre- 
sented, the many-sided responsibility of the overseas military neurosurgeon who 
performs early nerve suture and then transfers his patient to the Zone of the 
Interior for rehabilitation. In Case 2 minute details of treatment are avail- 
able, and an intelligent assessment of therapy and of therapeutic results is pos- 
sible. In Case 1 the record is lacking in all details, including any definition of 
the term ‘‘suture.’” These errors of omission occurred in many of the eases 
studied and added greatly to the difficulties of assessment and analysis. 


METRIC 


EB. 


Fig. 1 (Case 3).—A, Gross specimen showing site of initial coaptation and nerve ends 
obtained at secondary neurorrhaphy. B, Median longitudinal section showing dense scar 
tissue, neuroma filling in old breach, fascicles forming lateral neuroma, and remnants of 
coapting suture. 


Coaptation Nerve Suture One Day After Injury, Definitive Suture Fifty-Nine Days Later 
Case 3 (PNR 140, H. G. H.).—A soldier received a machine gun bullet wound of the 
left arm March 2, 1945, Débridement was done the following day. The radial nerve, accord- 
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ing to the record, was ‘‘incompletely lacerated,’’? but no mention was made of any type of 
nerve suture. Because of the lack of a definite record of treatment, re-exploration was car- 
ried out May 1, 1945. 

The radial nerve was first recovered distally between the brachialis and brachioradialis 
muscles. Stimulation at this time produced no motor response distal to the lesion, although 
a locally painful sensation radiated down the arm. The nerve was then followed upward 
until the point of scarring was encountered. The lateral head of the triceps was partially 
taken down at its origin, thus exposing the nerve as it emerged from the humeral groove. 
Stimulation of the isolated nerve produced the anticipated pain response but failed to pro- 
duce any motor response. The area of scarring, which was rather narrow, was freed from 


the adjacent tissues by sharp dissection, and the nerve was found to be quite firm in this 


region. Because of the absence of motor response it was concluded that the few nerve 


A. 


Fig. 2 (Case 3).—A, Cross section of proximal nerve segment showing slight epineural 
and perineural thickening and intrafascicular fibrosis and edema (22.5). 3B, Cross section 
of distal nerve segment showing slight epineural and perineural fibrosis, and heavy silk 
suture in epineural tissue (22.5). OC, Higher magnification showing edema and light mucoid 
fibrosins process separating nerve fibers. Some fibers appear normal and myelinated and 
others degenerated and vacuolated. Small regenerating, amyelinated neuraxes are seen in 
clusters in tubular walls and intertubular areas (600). D, Higher magnification showing 
unshrunken tubules still containing unresorbed detritus. Some of the fine black dots in the 
tubular walls and intertubular regions are cross sections of a few of the axones which pene- 
trated the zone of scar tissue (600). 


B. 
D. 
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fibers present represented a downgrowth rather than a sparing, and that they should be 
sacrificed. The nerve was, therefore, divided by serial section proximally and distally until 
healthy fascicles were encountered; the defect then measured 2.5 em. With flexion of the 
elbow end-to-end suture could be performed without undue tension. 

The specimen (Figs. 1 and 2) was reported as a neuroma in continuity. Histologic 
examination revealed dense fibrosis at the zone of suture; neuroma formation; slight regen- 
eration of nerve fibers across the junction into distal tubules still in a degenerative resorp- 
tive phase; edema; and slight endoneural fibrosis in the most distal section. 


METRIC | 2 


METRIC | 3 


METRIC | 4 5 


; Fig. 3.—Gross specimens showing coaptation sutures removed at definitive neurorrhaphy 
in various cases; note the relatively normal appearance of the proximal and distal nerve 
segments, 


Comment.—Except for the failure to mention in the overseas (field) medical 
record that a coapting suture had been placed in the epineurium of the almost 
completely severed nerve when débridement was done the day after injury, the 


— 
‘ 
G 
: 
| 


SURGERY 


handling of this case appears to have been excellent. The badly injured nerve 
was approximated with a temporary suture so placed as to cause no additional 
damage to any of the nerve fascicles later to be approximated at definitive 
surgery. Two months were permitted to elapse before secondary nerve suture 
was done, a period of time which was not excessive judging by the nerve ends 
attained after resection of the lateral neuroma and of a 2.5 em. length of the 
suture line. The fascicles at both ends were large and edematous, but only a 
minimum of epineural and intraneural scarring had occurred. Retrograde de- 
veneration had occurred in some fibers for a distance of at least 1 em. from the 
point of severance, and many clusters of regenerating neuraxes had already 
formed. The distal tubules were still widely patent, and the endoneural collagen- 
izing process which had begun was slight. The relatively few and sparsely dis- 
tributed amyelinated neuraxes which had grown into the distal nerve segment 
were ample to transmit the electrical impulse applied at surgery, but this finding 
was properly interpreted and disregarded by the surgeon, whose decision to 
perform total resection was based upon the appearance and consistency of the 
lesion and the obscurity of the overseas record in respect to whether or not 
true suture had been performed. The motor deficiency played less part in the 
decision because the time lapse was only two months. 

The eventual favorable course of events in this case indicates to some extent 
the method of treatment to be applied when peripheral nerve division is vis- 
ualized at the time of wound débridement. This point will be emphasized later 
by reference to the high percentage of failures which follow more ambitious pro- 
cedures at this time. <A coaptation suture, if it is feasible, retains the peripheral 
nerve structures in recognized tissue planes, and well documented pathologie 
studies suggest that it delimits the extent of secondary resection of pathologie 
tissue necessary to achieve a satisfactory definitive suture. The histologic status 
of the distal segment in this case shouid be compared with the advaneed de- 
terioration present in Case 11 (Figs. 9 and 10), which must be considered a 
barrier to full regeneration. 


Nerve Suture With Débridement; Error in Tissue Identification 

Case 4 (PNR 16, W. R. G. H.).—A soldier sustained a shell fragment wound of the 
posterior aspect of the right thigh, with injury to the sciatic nerve, July 13, 1944. When 
débridement was done an unspecified ‘‘suture’’ of the exposed sciatic nerve was also done; 
this may have been a coaptation suture. The dubious clinical history and the lack of any 
descent of Tinel’s sign were regarded as sufficient indications for re-exploration, which was 
done Oct. 3, 1944. The distal segment of the sciatic nerve was found to have been sutured 
to the tendon of the semitendinosus muscle. End-to-end anastomosis was carried out, and 
assessment June 21, 1945, suggested beginning regeneration. 


Exploration of Lesion in Continuity at Delayed Wound Closure; Assumption of Spontaneous 
Regeneration; Failure of Regeneration Thirteen Months After Injury 


Case 5 (PNR 262, B. G. H.).—A soldier received a bomb fragment injury of the middle 
third of the left forearm May 8, 1944, with injury to the median nerve. At delayed wound 
closure exploration of the median nerve injury suggested, on the basis of gross examination, 
that spontaneous regeneration was possible, and no operative procedure was carried out. 
Observation over a period of thirteen months showed no evidence of neural growth through 
the point of injury. Exploration was therefore carried out June 27, 1945. Stimulation of 
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the distal segment elicited a minor sensory response but no evidence of motor function, and 
resection of 10 em. of neural tissue was necessary before normal-appearing nerve tubules 
could be secured for definitive suture. 


Comment.—Failure to recognize pathologic changes in a freshly injured 
nerve, even though such changes may progress to extensive neuroma formation, 


is not a measure of a neurosurgeon’s ability. In 45.9 per cent of the clinically 


complete nerve lesions which were explored in the neurosurgical centers of the 


United Kingdom the nerve appeared in continuity. The import of the failures, 
however, which numbered only two in this particular series of forty-four fail- 
ures, is the need for a clear operative note and the necessity of following with 
scrupulous care the clinical course of all nerve sutures performed overseas. 


Fig. 4 (Case 6).—A, Median longitudinal section of anastomotic site of neurorrhaphy 
performed on sciatic nerve on day of injury, removed at secondary neurorrhaphy seven 
months later. The larger cross section represents the proximal nerve segment, from which 
the epineural “rind’’ of scar tissue and adhesions has been removed. The nerve fascicles 
are gray, the scar tissue white. Black sutures are seen within the nerve. B, Median longi- 
tudinal section through the suture site, with proximal fascicles on right, distal fascicles on 
left, and suture line fibrosis, sutures, and neuromatous proliferation in mid-segment. <Ad- 
herent muscle and scar tissue are seen in lower right (9.75). 


Nerve Suture (Coaptation Suture?) With Débridement; Suture Line Neuroma 
Case 6 (PNR 218, H. G. H.).—A soldier received a shell fragment wound of the right 
thigh Oct. 26, 1944. Débridement and primary suture (type not specified) of a completely 
divided sciatic nerve were done the same day. Re-exploration was carried out May 24, 1945, 
because of the absence of any clinical evidence of regeneration. 
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Stimulation after the sciatic nerve had been picked up proximally and distally elicited 
neither motor nor sensory response. The nerve was then freed from a bed of dense sear 
tissue and a neuroma in continuity was identified. The lesion was resected and the stumps 
were cut back serially, a gap of 4 cm. being present when healthy tubules were reached. 
The branches of the sciatic nerve to the hamstrings and biceps femoris were similarly cut 
back to healthy tubules because they came off the parent nerve at the point of neuroma 
formation. Mobilization of the knee joint was difficult because the patient, seven weeks 
earlier, had had a bone graft of the femur and had been in traction since. 

The specimen (Fig. 4) showed a neuroma in continuity. Microscopic examination of 
the nerve segment, including the site of the initial neurorrhaphy, showed: (1) Proximally, 
large numbers of regenerating amyelinated neuraxes, chiefly in clusters, in tubules which 
had undergone complete retrograde degeneration and in the proliferated endoneural network; 
dense epineural and interfascicular scar tissue; intrafascicular edema. (2) Medially, foreign 
body reactions around intraneural silk sutures; at the suture site a fibrous neuromatous 
reaction in which multiple small regenerated nerve bundles had been compressed by collagen- 
ous tissue; degenerative changes in some of these nerve fibers; a thick epineural ‘‘rind’’ 
containing necrotic muscle fibers, neuromatous bundles, and scar tissue; penetration of small 
nerve bundles and individual fibers through scar tissue into degenerated distal fascicles. 
(3) Distally, small aberrant interfascicular nerve bundles embedded in scar tissue; complete 
tubular degeneration within the fascicles, with clusters of amyelinated fibers regenerating in 
old tubules in the proliferated endoneural fibrous network; intrafascicular edema, 


Nerve Suture With Débridement ; Massive Wound Infection 


Case 7 (PNR 247, O. R. G. H.).—A soldier received a rifle bullet wound in the right 
popliteal space Dec. 4, 1944, with injury of the common peroneal and posterior tibial nerves. 
Débridement was carried out the following day and both nerves were sutured. The knee 
was placed in 90 degree flexion. At the end of one week, because of a massive wound infec- 
tion, the cast was removed, the wound was reopened, and the knee was extended. When 
there was no evidence of regeneration by May 22, 1945, exploration was carried out, on the 
indication of the history of infection. A disruption of both neural suture lines was found 
and several silk sutures were observed in the separated nerve segments. 


Nerve Suture With Débridement; Suture Line Neuroma 


Case 8 (PNR 126, H. G. H.).—A soldier was injured Jan. 25, 1945, by mortar shell 
fragments which penetrated the middle third of the right arm, Débridement and suture of 
the radial nerve with black silk were carried out shortly afterward. A tender mass which 
developed at the suture site was explored May 19, 1945. 

The ends of the radial nerve were identified in scar tissue. Some sensation through the 
old anastomotic site was elicited on stimulation, but no motor function could be produced. 
The anastomotic site was swollen and neuromatous, and an occasional black silk suture was 
visible. Resection of the neuroma left a gap of 3 em. Moderately satisfactory ends were 
obtained, although some interfascicular fibrosis was present. The distal end was larger than 
the proximal, due in part to branching. Secondary nerve suture was performed. 

Histologic examination of the segment of nerve at the site of primary suture (Figs. 5 
and 6) was reported as follows: (1) Proximally, relatively few lightly myelinated fibers; 
retrograde degenerative changes in the tubules; numerous fine amyelinated and newly mye- 
linated fibers; moderate intrafascicular fibrosis; marked extrafascicular fibrosis; fusion of 
fascicles (as noted grossly). 2) Medially, extensive fibrous, neuromatous proliferations; 


giant-cell, lymphoid, and fibrosing reaction in several regions containing silk sutures; heavy 


scarring and neuromatous formation in the epineurium. (3) Distally, marked intrafascicular 
and extrafascicular fibrosis; complete tubular degeneration with moderate shrinkage of 
lumina and replacement fibrosis; numerous very fine amyelinated fibers growing into and 
between degenerated tubules. 


i 
i 
i 
: 


WOODHALL AND LYONS: PERIPHERAL NERVE INJURIES 175 


Comment.—lIt is difficult, because of the lack of exact recording of the 
operation done overseas, to explain the causes of failure in this case except in 
terms of the pathologie changes found. The presence of a suture line neuroma 


A. 


Fiz. 5 (Case 8).—A, Gross specimen of bulbous suture line neuroma. A trial section 
has been made to left of main mass. B, Median longitudinal section showing dense mass of 
neural and collagenous fibers at suture line. Several black silk sutures are seen, not lim- 
ited to the epineurium (X10.5). 


in a dense mass of sear tissue suggests the possible adverse influence of infection 
and of compression by the healing muscle wound. The marked fibrosis and the 
neuromatous reaction at the suture site suggest possible inadequate resection of 
the damaged nerve segment. The presence of multiple silk sutures within the 
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neural tissue suggests either poor surgical technique or an alternative pathologie 
interpretation, namely, that the presumed definitive suture was merely a coapta- 
tion suture, for which multiple sutures were used. 


Fig. 6 (Case 8).—A, Proximal stump showing thickened epineurium with moderate 
perineural fibrosis (22.5). 3B, Distal stump showing many small fascicles, with moderate 
epineural, perineural, interfascicular, and endoneural fibrosis (22.5). C, Proximal stump 
showing relatively few lightly myelinated fibers and numbers of newly myelinated, expand- 
ing fibers. Retrograde degenerative changes have taken place in tubules (600). D, Distal 
stump showing complete tubular degeneration with moderate shrinkage of lumina and re- 
placement fibrosis (600). 


Nerve Suture With Débridement; Suture Line Neuroma 

Case 9 (PNR 165, H. G. H.).—A soldier sustained multiple rifle bullet wounds of the 
lower third of the right arm Dee. 31, 1944. Débridement and suture of the ulnar nerve 
with black silk were carried out the same day. When there was no evidence of regeneration 
by June 11, 1945, exploration was done. 

The incision was carried around the medial epicondyle and into the forearm. Dissec- 
tion exposed the ulnar nerve as it passes around this epicondyle. The nerve was followed 
upward into the arm, where it ended in a dense bed of sear tissue about three inches above 
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the elbow joint. After it had been identified superiorly and freed from the area of scarring, 
a neuroma in continuity was found. Stimulation above the lesion elicited fair sensory but 
no motor response. No response of either kind was elicited below the lesion. The flexor carpi 
ulnaris muscle was then removed from the epicondyle and the nerve was followed downward 
until the muscular branches in the forearm were exposed. These branches were dissected 
into the muscle and upward along the nerve until sufficient length for an end-to-end suture 
was secured. The defect then measured 2.5 cm. The nerve was transplanted in front of 
the epicondyle and the neuroma was excised; two black silk sutures were found in the center. 


A. 


METRIC] 3 


B. 


Fig. 7 (Case 9).—A, Proximal and distal cross sections and median and _ external 
longitudinal sections of anastomotic site; neuroma at suture site. (Higher magnification of 
the distal cross section in this case showed marked atrophy of the neurolemnal tubules with 
replacement endoneural fibrosis.) B, Median longitudinal section showing fusiform neuroma 
in continuity, formed at suture site, and marked foreign body reaction about intraneural 
sutures (10.5). 


Histologie examination of the nerve segment at the site of the former neurorrhaphy 
(Fig. 7) was reported as follows: (1) Proximally, many apparently normal myelinated 
fibers; nerve tubules in various stages of degeneration and resorption; many amyelinated 
fibers which had regenerated in old tubules or in the proliferated endoneural fibrous networks; 
epineural and interfascicular neuromatous bundles in proximal cross section; intrafascicular 
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edema. (2) Medially, intraneural silk sutures with marked foreign body reaction; dense 
fibrosis and neuromatous proliferation of nerve fibers from interrupted fascicles; amyelinated 
neuraxes from the suture line neuroma entering degenerated distal tubules. (3) Distally, 
degeneration of nerve tubules with resorption of fiber and sheath material and replacement 
with endoneural fibrous tissue; fine regenerating, amyelinated neuraxes growing into some 
tubules and into a fibrous meshwork in all fascicles; no recognizable myelination. 

Comment.—The histologic evidence in this case suggests three important 
reasons for failure: (1) The silk sutures were badly placed, most of them de- 
stroying fascicles directly or giving rise to severe and extensive foreign body 
reactions which involved other fascicles. (2) The proximal and distal stumps 
sutured on the day the injury occurred went on to form granulation and scar 
tissue for some distance from the anastomosis. This process, which cannot be 
determined within a day of injury, was apparently commensurate with the 
degree of trauma sustained by the nerve stumps. (3) The neurorrhaphy was 
performed in a bed which formed adhesions, constricting the nerve and binding 
it to the surrounding muscle and fascia. 


Nerve Sutwre With Débridement ; Disruption of the Suture Line 

CasE 10 (PNR 207, K. G. H.).—A soldier received a shell fragment wound of the left 
thigh Nov. 22, 1944. Débridement and suture of the common peroneal nerve were done the 
following day. Re-exploration was done April 24, 1945, for three reasons: That primary 
suture of the nerve had been done at débridement, that there had been no descent of Tinel’s 
sign over a period of five months, and that there had been no other evidence of regeneration 
during this period. Complete disruption of the suture line was found at operation, and re- 
anastomosis was done. 

Comment.—In sixteen instances of failure of nerve suture done at the time 
of débridement the operative record, as in Case 9, was vague or completely 
lacking in six cases. In the other ten cases the statement was merely made that 
‘‘suture’’ or ‘‘primary suture’’ was performed. Pathologie study of the excised 
anastomotic lines in several cases made it clear that the ‘‘suture’’ mentioned was 
merely a coaptation suture. The possibilities inherent in such vagueness make 
clear the importance of describing in detail the method used to repair nerve 
structures. 

The gross and microscopic changes in the anastomotic sites and adjacent 
nerve segments in these cases demonstrated without much doubt that a coapta- 
tion suture, whether intended as such or as a primary suture, holds the nerve 
trunk in a relatively normal position in the extremity and therefore reduces the 
degree of resection of pathologic tissue necessary when secondary neurorrhaphy 
is done. The combination of these factors permitted definitive suture in every 
instance in this group after routine measures for overcoming the defect had been 
employed. 

In five instances a wound infection of varying degrees of severity clearly 
played an important role in the destruction of the initial suture line, and also 
delayed the performance of secondary neurorrhaphy. 

In the three cases in this group in which detailed pathologic studies of the 
anastomotic sites and nerve segments were possible, the time interval between 
initial injury and definitive suture was, respectively, five, five and one-half, and 
seven months. In each of these cases the nerve segments exhibited degenerative 
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changes incompatible with maximal nerve regeneration. As a result of inade- 
quacy of records, the presence of infection, and other causes influencing failure 
which ean only be surmised from a study of individual cases, the average time 
for final repair in all sixteen cases in which primary nerve suture had been at- 
tempted at the time of débridement was 4.9 months. This interval is much 
longer than it should be, but it can be said fairly that it represents at least a 
minor triumph for the neurosurgeons who were evaluating this type of case for 
the first time. 


METRIC | 2 3 4 5 


H 


Fig. 8 (Case 9).—Other examples of gross appearance of definitive nerve suture sites in 
operations performed at time of débridement and removed at secondary neurorrhaphy. 


It is interesting to note that the conclusions drawn from this study of 
coaptation and primary suture at the time of débridement, as well as the rela- 
tion between total procedures and failures (Table XII), are in strict accord 
with the experiences of overseas neurosurgeons. 


Coaptation Nerve Suture With Delayed Wound Closure; Definitive Suture One Hundred Five 
Days After Initial Injury 

CASE 11 (PNR 225, H. G. H.).—A soldier sustained a land mine fragment wound of 

the left arm Dec, 28, 1944, resulting in a compound, comminuted fracture of the lower third 
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of the left humerus and immediate paralysis of the left radial nerve. Internal fixation of the 
fractured humerus, with a wire loop, and delayed wound closure were carried out Jan. 16, 1945. 
The distal and proximal segments of the injured radial nerve being visualized in the course 
of the procedure, they were coapted with a single white cotton suture and were surrounded 
by fibrin film. The operative note was vague as to the details of the procedure (they were 
secured from subsequent study of the specimen) and for this reason, when no evidence of 
regeneration had occurred by May 23, 1945, re-exploration was carried out. 


A. 


if 


; Fig. 9 (Case 11).—A, Proximal and distal cross sections and median longitudinal sec- 
tion of radial nerve described as “almost completely severed,” which was sutured with a 
single centrally placed cotton suture and wrapped in fibrin film nineteen days after severance 
by land mine fragment. Dense scar tissue reaction around white suture in junctional zone 
and greatly thickened epineurium was observed at secondary neurorrhaphy four months 
after the first operation. B, Median longitudinal section through suture line neuroma. Note 
fibrous encapsulation of fibrin film in thickened epineurium at proximal end ( X10.5). 


Stimulation of the radial nerve after it had been picked up proximally and distally 
produced no motor or sensory response. The nerve was freed from an extremely dense scar 
tissue bed and a neuroma in continuity was identified just above the bifurcation of the radial 
nerve into its deep and superficial branches. The branches to the brachioradialis and extensor 
carpi muscles were presumed to have been shot away at the time of injury and to have been 
replaced by scar tissue; at any rate, they were not visualized. The deep and superficial 
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branches were traced distally to permit mobilization of the nerve, after which the neuroma was 
excised and the stumps were cut back serially until reasonably healthy-looking tubules were 
reached. The gap after surgery was 3.8 em. 

Histologic examination of the segment of nerve containing the suture line (Figs. 9 
and 10) showed marked generalized intrafascicular and interfascicular fibrosis; foreign body 
reactions to suture material and fibrin film; neuromatous proliferation at the junctional zone; 
proliferating neuraxes choked in endoneural fibrosing reaction in the proximal and distal 
fascicles. 


Comment.—It is difficult to determine in this case whether the repair was 
intended to be definitive. The crude suture technique suggests-that it was not, 


B. 


Fig. 10 (Case 11).—A, Proximal cross section representing end sutured at second 
neurorrhaphy; scar tissue “rind” over epineurium, in which fibrin film remnants appear 
dark. Most fascicles have become merged in the two large groups (22.5). B, Distal cross 
section representing end sutured at secondary neurorrhaphy. Note generalized fibrosis within 
and around fascicles, and (dark) fibrin film remnants in epineural scar tissue and adhesions 
(X22.5). C, Cross section of proximal fascicle showing clusters of regenerating branching 
axis cylinders, many of which occupy old degenerated myelinated tubule. The myelin sheath 
framework is still present in some cases. Note the group of fine neuraxes around the sheath 
of a myelinated nerve, and the edema and slight endoneural fibrosis (xX600). D, Cross sec- 
tion through distal fascicle showing fibrotic perineurium, marked endoneural fibrosis, tubular 
degeneration and shrinkage, and a few regenerated amyelinated neuraxes, some cut tan- 
gentially (x600). 
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but the wrapping of the nerve, as well as the interval between injury and opera- 
tion, suggests that it was. The operative reecrd made no mention of resection 
of the stumps and implied that a connecting strand might have been left be- 
tween them. On the other hand, the narrow zone of scar tissue separating the 
proximal and distal fascicles makes it highly probable that the ends were cut 
back. The insult induced by the sutures and by the dense contracting epineural 
sear is the obvious, but not necessarily the only, contributory cause in the fail- 
ure. The possible part played by temporary ischemia, the possible stretch fol- 
lowing fracture of the humerus, and the orthopedic manipulations should also 
be kept in mind. 

Secondary neurorrhaphy was amply justified in this case for several reasons, 
including (1) the complete lack of myelination of the sparsely regenerated dis- 
tal fibers; (2) the almost total lack of myelination even in the proximal fas- 
cicles, in spite of an attempt at regeneration in the midst of endoneural fibrosis; 
(3) the stationary Tinel sign; and (4) the negative response to direct faradic 
stimulation when operation was performed. 

This case, together with two other similar cases in the series, illustrates 
failures of definitive nerve suture at the time of delayed wound closure. While 
the number of favorable results obtained by neurorrhaphy at this time has not 
yet been determined from analysis of the Registry reports, the indications against 
it in respect to time are not far removed from those against primary neuror- 
rhaphy with wound débridement. If nerve ends are visualized at delayed wound 
closure, they should be coapted, but the procedure should end there. The neu- 
rologic and operative notes should be written in detail, and eventual solution 
of the problem should be deferred until wound healing is complete. 


Nerve Suture Forty-seven Days After In,ury; Suture Site Neuroma; Minor Error in 
Tissue Identification 


Case 12 (PNR 50, H.G. H.).—A soldier sustained a shell fragment wound of the 
popliteal space Dec. 27, 1944. Delayed wound closure was done Feb. 2, 1945, and exploration 
of the nerve injury was carried out ten days later. According to the operative note, the deep 
and superficial peroneal nerves were sutured, but the ends of the superficial nerve could not 
be fully approximated because of a defect, the extent of which was not stated. Re-exploration 
was carried out April 18, 1945, because there had been no evidence of regeneration. 


An incision was made about 15 em. above the popliteal space. The common peroneal 
nerve was picked up proximally as it lay medial to the biceps tendon. Stimulation elicited 
no motor response. The nerve was traced proximally to its point of origin from the sciatic 
nerve, which was freed up proximally to the proximal point of the incision, and distally to 
the point at which it had previously been wrapped in tantalum foil. A thin fibroblastic mem- 
brane was observed around the foil. The nerve was picked up distally below this level. When 
the foil was removed, the sural nerve beneath it was found to have been wrapped separately 
with another cuff of the same material. When this cuff was removed, anastomotic sites in 
the common peroneal and sural nerves were seen; apparently these nerves had been mistaken 
by the first operating surgeon for the deep and superficial branches of the common peroneal 
nerve, for the overseas record stated that these branches had been sutured. The anastomotic 
sites, which were densely scarred by neuroma formation, were resected and the stumps of the 
common peroneal nerve were cut back serially until satisfactory tubules were reached, the 
resulting gap being 4.8 cm. Neurorrhaphy was then done. 
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Microscopic examination of the anastomotic site (Fig. 11) showed fibrosing reactions 
around the suture sites; neuromatous proliferation in the proximal and medial segments; 
random, scanty proliferation of amyelinated neuraxes into distal degenerated tubules; epineural 
scarring. 


Comment.—The error in recognition of the point of the main bifurcation 
of the common peroneal nerve makes it unlikely that the first nerve suture in 
this case was performed by a trained neurosurgeon. In addition, the biopsy 
findings were not suggestive of any neurosurgical aptitude. The fine tantalum 
sutures which should have been placed in the epineurium were found in the 
neural tissue proper, and the sling stitch (which was obviously unnecessary at 
the first operation, since it was not required at the second, after resection of 
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Fig. 11 (Case 12).—A, Proximal and distal cross sections and three longitudinal sec- 
tions through site of former neurorrhaphy. Upper two sections show 0.003 inch tantalum 
sutures in fascicles just deep to epineurium. Lower section shows 0.005 inch tantalum sling 
suture flattened in center of nerve and crossing fascicles obliquely. B, Median longitudinal 
section through region shown in lower section of A. Proximal fascicles at left end in suture 
line neuroma and scar tissue around rents made in removing tantalum wire. There is fibrosis 
of distal end and epineurium has become thickened under tantalum foil (x8). 
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approximately 5 em. of tissue) inflicted serious trauma, and, together with the 
other misplaced sutures, induced so severe a fibrosing reaction that only negli- 
gible regeneration occurred across the scarred anastomosis. The fibers which 
grew into distal tubules showed no sign of myelination after 374 months. 


A. 


B. 


Fig. 12 (Case 13).—A, Roentgenologic demonstration of suture site in sciatic nerve 
division, showing wide separation of metallic sutures. B, Disruption of sciatic nerve suture 
with scar tissue in gap between disrupted nerve ends. (Courtesy of Lawson General Hospital.) 


Nerve Suture Fifty-one Days After Injury; Suture Line Disruption 

CASE 13 (PNR 284, L. G. H.).—A soldier was injured by shell fragments Jan. 6, 1945, 
sustaining a sciatic nerve paralysis. End-to-end anastomosis was done in the mid-thigh Feb. 
26, 1945, by means of a stay suture of tantalum (0.005 inch) and epineural sutures of the 
same material (0.003 inch). The extremity was maintained in flexion only two weeks and 
extension was developed rapidly. Re-exploration was done April 19, 1945, because no evidence 
of regeneration had occurred and because roentgenologic examination of the suture site dis- 
closed marked distortion of the wire sutures (Fig. 12). A typical suture line disruption, 3 em. 
long, was found, and resection of 9 cm. of tissue was necessary before nerve segments free 
of scar tissue and suitable for secondary nerve suture were reached. 


a 
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Nerve Suture Fifty-seven Days After Injury; Suture Line Disruption 

CasE 14 (PNR 33, W. R. G. H.).—A soldier was injured by a penetrating shell frag- 
ment June 11, 1944. Following débridement and delayed wound closure, end-to-end anas- 
tomosis of the common peroneal nerve was done Aug. 7, 1944, by means of tantalum epineural 
sutures and a tantalum foil cuff. During the course of evaluation in the Zone of the Interior 
the patient stated that the knee joint had not been immobilized in plaster following neuror- 
rhaphy. Assessment Oct. 21 and Nov. 23, 1944, revealed no evidence of regeneration, and 
roentgenologic examination disclosed an apparent separation of the tantalum epineural sutures 
with loss of the usual orderly outline. Exploration Nov. 23 disclosed a typical suture line 
disruption, and resection of 6.3 em. of pathologic tissue was necessary before end-to-end 
suture could be accomplished. 


Comment.—The eases cited in this group are typical of the operative find- 
ings at re-exploration in sixteen nerve sutures performed at varying intervals 
after débridement and delayed wound closure. In the group were ten suture 
line disruptions, five suture line neuromas, and one instance of firm constriction 
of an anastomosis by a circumferential wire suture. Three of the disruptions 
were recognized by the presence of a disorganized suture line on roentgenologic 
examination, and there is little doubt that all might have been diagnosed if this 
measure had been used routinely. . 

Unequivoceal evidence existed that five of the suture line disruptions were 
caused by inadequate postoperative immobilization or by failure to immobilize 
the extremity at all. In two instances disruption occurred in patients in whom 
the original operating surgeon stated that suture had been accomplished under 
undue tension. The factors responsible for suture line neuromas are not so 
clear cut, but it is reasonable to assume that they include tension, postoperative 
stretch, insufficient resection of pathologie nerve tissue, and poor suture tech- 
nique. 

On the other hand, the small proportion of failures found in the large 
number of neurorrhaphies performed after delayed wound closure, within the 
time interval favorable for nerve regeneration, is a tribute to the skill and 
judgment of the neurosurgeons who cared for these patients. In many of the 
failures the history of inadequate mobilization suggests that the inadequacy 
was accidental rather than that there was any deliberate intention of shortening 
the period of immobilization. Furthermore, suture disruption is a possibility 
even in favorable cases; the Registry has records of at least two cases in which 
the accident was recognized while the extremity was still immobilized. The- 
oretically, maximal strength of the suture site is attained in twenty-one days, 
but several of these cases suggest that it might be wise to control and maintain 
immobilization beyond this period. 


Nerve Suture Fifty-one Days After Injury; Premature Unnecessary Re-Exploration 


CasE 15 (PNR 95, N. G. H.).—A soldier was injured by a bomb fragment Nov. 28, 1944, 
in the upper third of the thigh, with resulting complete sciatic nerve paralysis. Exploration 
Jan. 18, 1945, disclosed complete division of both nerve components, and end-to-end anastomosis 
was accomplished with tantalum epineural and stay sutures. When evaluation was carried 
out in the Zone of the Interior May 3, 1945, the patient volunteered the information that 
immobilization of the knee joint had been maintained only two weeks. Roentgenologic ex- 
amination of the suture site revealed no abnormalities, but there was no descent of Tinel’s 
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sign at this time, and re-exploration was therefore carried out March 27, 1945. The suture 
line was grossly normal and electric stimulation of the distal segment elicited a strong sensory 
response. 


Failure of Overseas Autogenous Graft, With Slough of Engrafted Tissue ; 
Secondary Newrorrhaphy 


CasE 16 (PNR 29, W. R. G. H.).—A soldier received a shell fragment wound of the 
right arm Oct. 2, 1944. After efforts to decrease the neural defect had failed, an autogenous 
cable graft 5 cm. long was taken from the lateral femoral cutaneous nerve and was inserted 
in the ulnar nerve Nov. 16, 1944. When the patient was seen in the Zone of the Interior 
Dec. 14, 1944, the operative site was tender to palpation. Later the graft sloughed. The 
draining wound was débrided Feb. 3, 1945, and secondary neurorrhaphy was accomplished 
Mareh 15 by mobilization, further transplantation, and joint posturing. The defect after 
surgery was 7.4 em. 


Nerve Suture Siaty-two Days After Injury; Development of Pseudoneuroma From 
Crumpled Tantalum Fotl 


CASE 17 (PNR 140, N. G. H.).—A soldier was accidentally shot in the right forearm 
July 3, 1944. End-to-end anastomosis was accomplished September 5 by means of epineural 
tantalum sutures, after which the suture site was wrapped with a cuff of unsutured tantalum 
foil. Evaluation in the Zone of the Interior April 10, 1945, revealed no clinical evidence of 
regeneration. A large, tender mass, assumed to be a suture line neuroma, could be palpated 
at the suture site. Exploration April 16 disclosed a mass of crumpled foil closely adherent 
‘ to the suture site, which itself appeared fairly normal. Stimulation of the exposed distal 
segment produced a strong sensory response. 


Nerve Suture Nimety-two Days After Injury; Infection With Protrusion of Tantalum Fotl 


CasE 18 (PNR 157, L. G. H.).—A soldier was wounded in the left knee by a mortar 
shell fragment June 6, 1944. End-to-end anastomosis was accomplished Sept. 6, 1944, by 
means of epineural tantalum sutures, after which the suture site was wrapped in unsutured 
tantalum foil. A portion of the suture line over the fibular head was observed to be abraded 
Oct. 15, 1944, and soon afterward purulent drainage developed and persisted until spontaneous 
extrusion of the tantalum foil. Healing was then rapid. By March 28, 1945, Tinel’s sign had 
descended 12 em. and sensory recovery was rated §,. 


Comment.—The eight cases in the group of failures due to miscellaneous 
causes represent three subsidiary phases of early nerve suture which will be 
developed in later reports from the Peripheral Nerve Registry. They are of 
minor importance in the general evaluation of this plan of treatment. 

The three instances of nerve grafts in this group are of little value except 
for the opportunities they offer for academic neuropathologie studies. Since 
many overseas early nerve sutures in which the suture line was surrounded by 
a tantalum sheath are regenerating normally, a Registry analysis of such eases 
at the present time can do little more than state that fact and present varia- 
tions from the expected progress of regeneration for which, as in the eases cited, 
the presence of the sheath might be responsible. Case 15 represents the impor- 
tant group of cases, already commented on several times, in which unnecessary 
secondary exploration must be done in the absence of adequate data concerning 
previous details of the ease. 


SUMMARY AND CONCLUSIONS 
A study of a group of peripheral nerve injuries registered at various times 


over a twelve-month period in some nineteen separate neurological centers can 
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indicate at the best only a general trend concerning the value of early nerve 
suture as a therapeutic method, and the trend can be expressed only in terms of 
progress toward regeneration or failure of regeneration. A more complete eval- 
uation will be possible as the time interval after operation lengthens and, more 
particularly, when the regeneration of special nerve injuries is studied. Such 
analysis are now in progress and will be reported as promptly as possible. 

Certain statements, however, may be made at this time and certain con- 
clusions may be drawn from the material analyzed to date. With due regard 
for the difficulties listed in the maintenance of a peripheral nerve registry, this 
preliminary survey of the results of early nerve suture indicates that neural 
regeneration tends to progress satisfactorily after early nerve suture. Both 
statistical and hand analyses of Registry reports give substantial proof that 85 
per cent of the 450 to 649 patients studied over a twelve-month period have 
demonstrated progressive descent of Tinel’s sign and have also shown evidence 
of motor and sensory recovery. That this problem of military neurosurgery 
has been brilliantly solved is further proved by the fact that over 90 per cent 
of the patients received: definitive surgery within the favorable three-month 
period following injury. 

While the preliminary statistical analysis of regeneration in nerve injuries 
over so brief a period of observation is unsatisfactory in so far as end results 
are concerned, analysis of failures or of variations from the normal course of 
regeneration is simple. The neurosurgeon responsible for the patient’s rehabili- 
tation readily identifies such failures by the employment of certain diagnostic 
measures and by a study of overseas records for factors which might adversely 
influence regeneration. His approach to the problem is modified by: 

1. The possession of, or the lack of, unequivocal information concerning the 
type and technique of suture; the presence or absence of previous infection; the 
extent of postoperative immobilization; the occurrence of postoperative accidents, 
such as falls or fracture of the cast; and possible ill-considered manipulation 
of the extremity. The patient submitted to nerve suture overseas and later 
transferred to the Zone of the Interior arrives under the distinet but unavoidable 
handicap that there has been a break in the continuity of observation and treat- 
ment. Transfer to a new professional environment is facilitated if he is accom- 
panied by detailed neurologic and operative notes concerning his previous course 
and is handicapped if he arrives without such data. ' 

2. An appreciation of the technical aspects of suture done at the time of 
débridement or at the time of delayed wound closure as compared with suture 
done during the later stages of wound healing. 

3. The use of all possible diagnostic methods during the period of observa- 
tion, including roentgenologic observation of the suture line. 

4. An attitude of deep suspicion of the clinical course of all patients in 
whom continuity of treatment has been interrupted by the necessity for evacua- 
tion. 

The data derived from this preliminary study of the records of the Periph- 
eral Nerve Registry permit certain conclusions which will be of use in the evalua- 
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tion of early nerve suture if military necessity should again demand its use and 
which are readily transferred to the civilian practice of neurosurgery. They 
may be stated as follows: 

1. The percentage of failures is far greater when nerve suture is performed 
at the time of débridement than when it is deferred until after delayed wound 
closure. The results of this survey and of concomitant pathologic investigations 
fully substantiate the directives which were issued during the war decrying 
primary nerve suture and recommending only coaptation or protection of divided 
nerve ends when initial débridement of the wound was done. 

2. While failure of nerve suture done at the time of delayed wound closure 
has not been found in many cases in the Registry material, it has not yet been 
possible, either, to identify all the successes which may have followed nerve 
suture at this time. The evidence now available suggests that primary suture 
is of dubious value at the time of wound revision and that coaptation suture is 
the procedure of choice when it is possible. 

3. Pathologie studies of cases in which coaptation suture has been done 
show without much doubt that such a suture, if properly applied, does not in- 
crease neural damage at the point of severance or in either segment, while at 
the same time it prevents retraction of the nerve, which it maintains in its normal 
anatomic plane. Since the length of the resected coaptation suture site is the 
only gap to be reckoned with at the time of definitive repair, nerve end retraction 
having been prevented, whatever technique is appropriate for correcting the 
defect can be applied readily. 

4. Failures in nerve suture performed after delayed wound closure are in- 
frequent and can be traced to two main causes, namely, inept surgical technique 
and inadequate mobilization, or no immobilization at all, of the extremity after 
neurorrhaphy. In the forty-four failures studied there were sixteen suture 
line disruptions, nine of which were directly attributable to improper mobiliza- 
tion of the extremity, and seventeen suture line neuromas, which variously dem- 
onstrated the adverse effect of infection, intraneural sutures, tension on the 
suture line, an unwise selection of suture material, and incomplete resection of 
pathologie nerve ends. 

5. The correction of failures after early nerve suture includes a sound 
policy of immobilization of the extremity, consonant with function, and the dele- 
gation of repair of the injuries to competent neurosurgical personnel. In the 
latter connection, a small number of errors of tissue identification in this group 
of failures emphasizes again the importance of concentrating nerve injuries in 
neurosurgical centers in which they can be cared for by well-trained neurosur- 
geons. 

6. It is not possible to predict the eventual outcome in a contused periph- 
eral nerve visualized at débridement, wound revision, or exploration within the 
three-month period after injury. Many will progress to neuromas in continuity, 
which may offer a more or less complete barrier to regeneration. 

7. Nerve grafting is still a laboratory procedure except when small nerves, 
such as the digital or the facial nerve, are involved. It should never be resorted 
to as a phase of early nerve suture. 
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8. Detailed operative records and progress notes are essential in all neuro- 
surgical cases. The nature of the injury, particularly of a contused injury for 
which no operative repair is done, must be described in careful detail. Opera- 
tive notes must include a clear definition of the type of suture employed in 
terms of coaptation suture, bulb suture, or primary or definitive suture. Failure 
to record carefully the details of early operative intervention was responsible 
in several cases in this study for delay of definitive suture and for a certain 
number of unnecessary reexplorations. In the absence of such details, evalua- 
tion must be based upon a scrupulous search for neurologic changes, which must 
be weighed against the established expected rate of neural regeneration, the 
local condition of the suture site, and roentgenologie visualization, which is of 
great value if metallic epineural sutures have been used. The incidence of see- 
ondary explorations is in the last analysis greatly influenced by whether or not 
the observer is of a suspicious nature. The lack of positive data concerning an 
earlier procedure is always, in the absence of satisfactory evidence of regenera- 
tion, a logical indication for secondary intervention. 
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DECOMPRESSION OF THE ORBIT 


Jack 8. Guyton, M.D., Bautrmore, Mp. 


(From the Wilmer Ophthalmological Institute of the Johns Hopkins University Medical 
School and the Johns Hopkins Hospital) 


ECOMPRESSION of the orbit is primarily of value for the reduction of 
severe exophthalmos resulting from endocrine dysfunction. Endocrine 
exophthalmos is most often seen in Graves’ disease, but it may appear along 
with ‘‘spontaneous’’ myxedema or even without thyroid disturbance. <A recent 
monograph by Woods! includes a complete review of the exophthalmos of 
primary diffuse toxie goiter. 

Endocrine exophthalmos apparently results from overproduction of TSH 
(thyroid stimulating hormone) by the anterior lobe of the pituitary gland.?* 
An excess of TSH is believed to cause increased water storage in the orbital 
tissues, with consequent exophthalmos. 

There is an apparent exophthalmos in about 65 per cent of patients with 
untreated Graves’ disease,*'° and in 4 per cent the exophthalmie symptoms are 
out of all proportion to hyperthyroid symptoms.*® 1+ 1? Subtotal thyroidectomy 
frequently aggravates exophthalmos in this last group with predominance of 
ocular symptoms, and may occasionally induce severe exophthalmos even in 
patients in whom there was none preoperatively. Contrary to general belief, 
exophthalmos more often increases than decreases after thyroidectomy, the usual 
apparent recession of the eyes being the result of narrowed palpebral fissures 
from relaxation of Mueller’s lid muscles rather than an actual regression of 
exophthalmos.?” 1% 14 

Damage to visual function may result if exophthalmie symptoms become 
severe. The ocular picture in such cases has been variously termed ‘‘ malignant 
exophthalmos,’’® ‘‘exophthalmie ophthalmoplegia,’’'® ‘‘ progressive exophthalmos 
after thyroidectomy,’”” ‘‘Graves’ disease with disassociation of hyperthyroidism 
and ophthalmopathy,’’* and ‘‘progressive exophthalmos.’’? Pathologieally, in 
malignant exophthalmos there is an increase in the weight of all orbital struc- 
tures (muscles, fat, lacrimal gland, ete.) due to increased water storage, with 
progressive hypertrophy and degeneration of the extraocular muscles, scattered 
lymphocytic infiltration, and progressive fibrosis of the orbital structures. 
Clinically, malignant exophthalmos is characterized predominately by increased 
intraorbital tension or resistance to pressure, by edema of the lids and con- 
junctiva, and by palsies of the extraocular muscles. Incomplete closure of the 
lids and impaired nutrition may cause corneal ulceration. The increase in 
retrobulbar pressure may be great enough to cause papilledema and secondary 
optic atrophy. Loss of vision has been reported in scores of cases.'*-?* 

The acute or progressive stage of malignant exophthalmos usually lasts 
six months to two years. Lid and conjunctival edema then regresses and, if 
the eyeball has not been lost, there may be slight to moderate reduction of the 

exophthalmos. Fibrosis of orbital structures is permanent, with resistance of 
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the proptosis to manual reduction and some limitation of extraocular muscle 
function. 

Proposed regimes for medical treatment of malignant exophthalmos are 
numerous and mostly of doubtful efficacy. Administration of thyroid hormone 
often seems to be of benefit after some weeks or months, and judicious irradia- 
tion of the pituitary may be followed by some regression of exophthalmos after 
two or three months.**?° However, during the acute progressive stage of 
the exophthalmos, visual function is often in imminent danger and treatment 
must be directed at protection of the visual apparatus itself. 


Irradiation of the orbit, resection of chemotie conjunctiva or of orbital 
fat, and cervical sympathectomy have all been tried, but are usually ineffective. 
Tarsorrhaphy is of considerable benefit if exposure keratitis develops and if the 
tarsorrhaphy can be performed without too great pressure on the globe. The 
most useful form of tarsorrhaphy is an Elschnig semipermanent closure of the 
lateral third of the palpebral fissure. After proper dissection the lateral third 
of the lower tarsus is sutured beneath the lateral third of the skin of the upper 
lid. With this procedure firm union practically always occurs, a result rarely 
obtained in the presence of exophthalmos by simple denuding and suturing of 
the lid margins. Temporary lid sutures may be used to cover the cornea eom- 
pletely, or the use of ointment and bandage or of a Buller shield may 
give additional protection to the cornea. However, corneal ulceration may pro- 
gress in spite of tarsorrhaphy and other protective measures, and tarsorrhaphy 
itself is of no benefit for pressure atrophy of the optic nerve or for extraocular 
palsies. Confronted with this not uncommon picture, with imminent danger 
to visual function, more radical surgical intervention becomes imperative. Some 
form of orbital decompression is indicated. 

It is the purpose of this paper to review the various methods of decom- 
pression so far employed, and to discuss an improved technique which has given 
eminently satisfactory results. 


HISTORICAL BACKGROUND 


Dollinger?* in 1911 reported a successful lateral decompression of the 
orbit into the temporal fossa in a patient with Graves’ disease and malignant 
exophthalmos. Marked reduction of the exophthalmos resulted and pre-existing 
corneal ulceration rapidly healed. Unfortunately, Dollinger’s report was over- 
looked and no other report of orbital decompression appeared until 1931. 
Tinker?® in 1912 suggested removal of the lateral orbital wall for malignant 
exophthalmos, and in discussing his paper Eagleton suggested removal of the 
orbital roof through a temporal fossa incision, but apparently neither of these 
men actually performed such an operation. In 1931 Naffziger’s first report 
appeared.” He decompressed the orbit into the anterior cranial fossa. His 
latest report (1938) included thirty-one eases.*° To Naffziger is due credit not 
only for devising the transcranial orbital decompression but for teaching the 
medical profession that orbital decompression can save vision in otherwise hope- 
less cases. Following Naffziger’s first report, interest in the course and treat- 
ment of metabolic exophthalmos was greatly stimulated. Semmes (1932)*! 
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utilized Naffziger’s decompression in one patient. Bothman (1934)*? tried 
decompression into the maxillary sinus without effect, and then successfully 
employed the Naffziger operation on the same patient. Swift (1935) ** reported 
a successful lateral decompression. Sewall (1936)** described a technique 
for decompression into the frontal, ethmoidal, and maxillary sinuses, but had 
performed this operation only on cadavers. Rosenbaum (1937)*° added another 
report of a Naffziger decompression. Kistner (1939)** successfully utilized 
the frontal and ethmoidal sinuses for decompression in two patients and de- 
scribed another patient who had a Naffziger operation. Niall (1939)*? added 
reports of three more patients operated upon with the Naffziger technique. 
Spaeth (1939)**? deseribed a technique of lateral decompression attributed to 
Shugrue and to Moran; no case reports were published, but in a personal com- 
munieation Spaeth has summarized the results in five such cases. Guthrie 
(1941)**performed lateral decompressions in one patient. Daily and _ ¢o- 
workers*® (1942) described two decompressions into the frontal and ethmoidal 
sinuses and a third into the frontal, ethmoidal, and maxillary sinuses. Simpson 
(1942)*° performed two other decompressions into the sinuses. Welti and 
Offret (1942)*! deseribed successful decompressions in three patients by means 
of a temporal incision and decompression into both the temporal and the 
anterior cranial fossae. Savin (1943)'® added two cases in which Naffziger 
operations were performed, and Moffatt (1943)?° and Bardram (1944)? each 
added one. Adler (1944)*? mentioned one patient who had a lateral decom- 
pression of one orbit and a Naffziger decompression of the other, and another 
patient with an unsuccessful decompression of unstated type. Poppen (1944) ** 
described a modification of Naffziger’s operation with an analysis of his results 
in twenty-eight cases. 
TECHNIQUES AND RESULTS 


In its early stages, 1 mm. proptosis results from an increase of 0.75 ¢.e. of 
orbital contents. With marked proptosis the ratio decreases to approximately 
1 mm. for 1 ¢.c.!2. Therefore, in decompression of the orbit for marked exoph- 
thalmos a reduction of proptosis by 1 mm. should be expected for each 1 ¢.e. in- 
crease in effective orbital volume. However, orbital decompression does not 
affect the underlying metabolic disorder, and after the retrobulbar pressure is 
decreased by decompression, still more water storage occurs within the orbit. 
Thus, the actual reduction of exophthalmos during the acute phase of the disease 
is not as great as the increase in effective orbital volume would indicate. 

The increase in effective volume of the orbit varies directly with the square 
area of bony orbital wall removed and with the retrobulbar orbital pressure, and 
inversely with the resistance of the surrounding tissues and with the cohesion 
or resistance to distortion of the orbital contents. On the whole, the effect of 
decompression is determined largely by the square area of bone removed (except 
when the decompression is performed into shallow sinuses, where the inner 
bony wall of the sinus limits the effect). Also, a small decompression (for 
example, 4 sq. em.) has very much more relative effect than a large decom- 
pression (for example, 10 sq. em.) because the progressive decrease in retrobular 
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pressure results in less protrusion of orbital contents per square area through 
the larger opening in the bony wall. 

Decompression Into Anterior Cranial Fossa.—Naffziger’s original operation 
consisted in removal of as much as possible of the superior orbital plate without 
opening the frontal or ethmoidal sinuses. He used the usual hypophyseal ap- 
proach, entering the skull through a frontal bone flap, opening the dura and re- 
tracting the frontal lobe, and rongeured off the roof of the orbit along with its 
dural lining. This resection of orbital roof was extended to the optic foramen 
and to the superior orbital fissure, and the periorbita (orbital periosteum or 
orbital fascia) was opened. Later Naffziger found removal of the superior 
orbital plate alone did not always give sufficient decompression, because in one 
instance abnormal extension of sinuses into the orbital plate prevented adequate 
resection of bone. He therefore extended his operation to include resection of 
the lateral bony wall of the orbit almost to the lateral orbital margin and down 
to the inferior orbital fissure, thus decompressing the orbit into the temporal or 
subzygomatice fossa as well as into the anterior cranial fossa. 

Poppen employed a slight modification of Naffziger’s operation, with de- 
compression of both orbits during the same operation. His technique consisted 
of a modified coronal incision, bilateral V-shaped frontal bone flaps, extradural 
exposure by separation of dura from each orbital plate to the sphenoidal ridge 
(with retraction of the frontal lobe), and removal of most of the superior and 
lateral orbital walls. In his earlier cases he not only opened the orbital 
periosteum widely, but divided the fascia through the annulus of Zinn. After 
producing extraocular palsies in one patient he thereafter obtained equally suc- 
cessful decompressions without opening the annulus of Zinn. 

Welti and Offret reported an operation similar in effect to that of Naffziger 
and of Poppen but with a different approach. They used an incision beginning 
at the lateral crest of the frontal bone 2 em. above its external orbital process, 
extending backward and downward across the temporal fossa. A portion of the 
insertion of the temporal muscle was cut and retracted. Trephine openings 
were made (1) through the lateral orbital process of the maxillary bone into the 
orbit, (2) through the temporal bone at its Junction with the great wing of the 
sphenoid exposing the dura over the temporal lobe of the brain, and (3) through 
the lateral portion of the frontal bone exposing the dura over the frontal lobe. 
These three openings were connected and most of the superior and lateral orbital 
walls removed by means of rongeurs. 

The technique of Poppen differs from that of Naffziger in two important 
aspects: it is bilateral and it is extradural. Operation on both orbits as a single . 
procedure is of undoubted psychologic benefit to the patient, but introduces more 
physical danger. The extradural approach reduces danger of subdural hemor- 
rhage or of infection, but these advantages are offset by increased trauma in 
retraction of the frontal lobe when the dura has not been opened and the 
cisterna magna not evacuated. The technique of Welti and Offret offers the 
theoretical advantages of an extradural approach with minimal trauma to the 
brain. However, this technique has been used in only three cases by these 
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authors, and it is not clear that it gives as good exposure as does the frontal 
approach. 

Most intracranial decompressions of the orbit have included removal of 
the lateral wall of the orbit and consequent decompression into the temporal 
fossa as well as into the cranium. However, it is important that the first opera- 
tions performed by Naffziger, in which only the orbital roof was removed, 
afforded adequate decompressions. The average area of orbital roof which can 
be removed in the presence of average-sized sinuses is about 8 to 10 sq. em. 
Thus, it seems probable that a decompression of 8 sq. em. is generally adequate. 

To the seventy-four cases of intracranial orbital decompression previously 
reported may be added four additional cases of Naffziger decompressions per- 
formed by Dr. Walter Dandy in the Johns Hopkins Hospital. In the total 
seventy-eight cases, the decompression was unilateral in twelve and bilateral in 
most of the remainder. Operation was performed because of actual or imminent 
loss of vision in fifty-nine cases, because of diplopia in eighteen, and for cosmetic 
purposes in one. 

Four operative deaths occurred. In all fairness to the intracranial tech- 
nique, it must be recorded that two of these deaths represented attempts of one 
individual neurosurgeon to utilize the Naffziger operation. In competent hands 
transcranial removal of the orbital roof is a relatively benign procedure, as evi- 
deneed by Dandy’s results in removal of orbital tumors by this route.** 

Three of Poppen’s twenty-eight patients exhibited postoperative symptoms 
of frontal lobe trauma, remain‘ng comatose for periods of four days, two weeks, 
and four weeks, respectively. All recovered completely. 

In the fifty-nine operations performed for actual preservation of vision, 
success was attained in all but five of the fifty-five patients who lived. Most of 
these patients had some degree of preoperative corneal ulceration and approxi- 
mately one-third of them had papilledema with visual field defects. Keratitis 
and papilledema disappeared and field defects improved. Often very slight 
reduction in measurable exophthalmos sufficed for preservation of vision— 
apparently reduction of retrobulbar pressure being as important as reduction of 
actual exophthalmos. 

Improyement of ocular motility was very rapid in some instances. For 
example, in one of Dr. Dandy’s cases measurements of motility before operation 
and seven days postoperatively showed the following improvement: up, 8° 
before and 25° after; down, 25° and 45°; in, 15° and 45°; out, 10° and 20°. 

Of the eighteen patients in whom diplopia was the presenting symptom, 
relief of diplopia was attained in thirteen. However, disappearance of 
diplopia was not always immediate, often occuring several weeks to several 
months after operation. 

The usual sequence of events following operation was as follows: At the 
completion of operation the exophthalmos showed considerable immediate reduc- 
tion, with marked decrease in retrobulbar resistance. Within a few hours post- 
operative reaction caused the exophthalmos to again become marked, occasionally 
worse than before operation. The postoperative reaction subsided within several 
days, with a decrease in exophthalmos of 1 to 6 mm. compared with before 
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operation. Edema of the lids persisted for long periods, often months, but retro- 
bulbar resistance decreased rapidly as the operative reaction subsided. Corneal 
ulceration was at times aggravated during the stage of postoperative reaction. 
This could be prevented by lid sutures or tarsorrhaphy and a_ pressure 
bandage, and corneal healing proceeded rapidly as the exophthalmos subsided. 
Papilledema and visual field changes always receded rapidly. Limitation of 
ocular movements generally improved, often over a period of several weeks or 
even months. Following the initial improvement in exophthalmos, gradual 
further reduction usually occurred over a period of months or years. Only 
rarely after the initial improvement did the exophthalmos again progress, even 
though the metabolic phase of the disease was still active. 

Many patients subjected to intracranial orbital decompression experience 
annoying pulsation of the globe synchronous with the heartbeat for some weeks 
or months after operation. This pulsation gradually subsides (Naffziger be- 
lieved because of the formation of a dense fibrous sheath between orbital and 
cranial contents) but in one patient described by Kistner reading difficulty 
continued four years after operation because of the pulsation. 

Decompression Into Sinuses.—The Sewall operation consists of eradication 
of the frontal and ethmoid sinuses, through a skin incision, with removal of the 
orbital walls of these sinuses and of the mucous membrane lining. The roof of 
the maxillary sinus may also be removed as far laterally as the infraorbital 
foramen. Orbital contents thus expand into space formerly occupied by these 
sinuses. Effectiveness of the decompression is dependent on the initial volume 
of the sinuses. The operation is relatively simple and should not appreciably 
endanger the patient’s life. A theoretical disadvantage of this operation is the 
possibility of orbital infection, since the operation cannot be performed in an 
aseptic field. Also, the operation leaves a visible sear. 

Results of orbital decompression into the sinuses are available in eight 
eases. Unilateral decompressions were performed in four and bilateral in four. 
The operations included the frontal and ethmoid sinuses in six cases, maxillary 
sinus alone in one, and all three sinuses in one. Operation was performed be- 
cause of exposure keratitis in five, because of diplopia in two, and for a cosmetic 
purpose in one. 

In one case there was considerable postoperative reaction and it was neces- 
sary to reopen the incision two weeks later and drain the wound for one week. 
In the single patient in whom the roof of the maxillary sinus was removed in 
addition to eradication of the frontal and ethmoid sinuses, the globe was subse- 
quently displaced downward and there was partial ptosis. 

The corneas healed in all five patients operated on for exposure keratitis. 
In the six in whom restriction of ocular motility was noted before operation, 
there was improvement of motility in three and no change in three. The 
exophthalmos receded markedly in five cases (as much as 5 mm. within several 
weeks in one), appreciably in one, very slightly in one, and none in the single 
patient in whom only the roof of the antrum was removed. 

A comparison of results of decompression into the sinuses with results of 
intracranial decompression is difficult because of the few reported cases in 
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the former category. In these few cases the results appear about the same as 
those in the intracranial operation. The sinus operation has the advantages of 
being simpler, less dangerous to life, and causing no pulsation of the globes; 
its disadvantages consist of its dependence on a moderately large frontal sinus 
for effectiveness, the possibility of orbital infection, and the chance of cosmetic 
disfigurement. 

Decompression Into Temporal Fossa.—Dollinger’s single lateral decom- 
pression of the orbit was performed as follows: A skin incision extended from 
just above the lateral margin of the brow across the temporal fossa aimost to the 
middle tragus of the ear. The fibers of the temporal muscle were sectioned in the 
same line and retracted to expose the lateral orbital wall. A wedge-shaped piece 
of bone was removed from the lateral wall, leaving the orbital margin intact, 
and the exposed area of periorbita removed. Only the skin was sutured, leaving 
a gap between the fibers of the temporal muscle. 


Swift explored the orbit of a patient with unilateral exophthalmos by the 
Kroénlein route, and when he found no tumor, simply did not replace the lateral 
bony wall of the orbit. His technique consisted of a horizontal skin incision 
7 em. long extending backward from the external ecanthus, separation of orbital 
periosteum from the lateral bony wall, removal of this wedge of bone, and open- 
ing of the periorbita. 

Spaeth** described the technique of Shugrue as follows: A curved skin 
incision extended from the lateral aspect of the forehead down across the tem- 
poral fossa. The temporal muscle was cut and the external orbital wall 
rongeured away. Spaeth stated that if more decompression was desired the 
anterior cranial fossa could also be entered and part of the superior orbital wall 
removed extradurally—a procedure similar to that of Welti and Offret. 

Reports are available of nine cases of decompression into the temporal 
fossa alone. Unilateral decompressions were performed in five and bilateral 
in four. Operation was performed because of exposure keratitis in one, because 
of diplopia in one, because of suspected orbital tumor in one, and for un- 
specified reasons in the remaining six. There was rapid and marked regression 
of exophthalmos in eight cases and only transient improvement (2 mm.) in one. 
In this last case, mentioned briefly by Adler, a Naffziger operation on the other 
orbit likewise resulted in only 2 mm. reduction of exophthalmos, and the exoph- 
thalmos on each side again progressed to its preoperative level within two months 
after operation. In two of the other patients a lateral decompression was per- 
formed on one orbit and a Naffziger decompression on the other; in each instance 
the improvement of exophthalmos was fully as great with the lateral decom- 
pression as with the Naffziger operation. 


These few reports allow no conclusions with regard to lateral decom- 
pressions except that it appears to be effective and is a benign procedure. The 
small danger to life from opening the cranium is avoided, pulsation of the globe 
does not result, and chance of infection encountered with the sinus operation is 
avoided. However, the techniques previously reported leave a visible sear which 
may at times be quite disfiguring. 
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AN IMPROVED TECHNIQUE 

During the past three years eight temporal fossa decompressions of the 
orbit have been performed on five patients in the Wilmer Ophthalmological 
Institute of the Johns Hopkins Hospital. The following technique has been 
evolved. 


Fig. 1.—A and B, Skin incision 7 cm. long, within hairline. 


General anesthesia, usually sodium pentothal, is used. A curved skin in- 
cision 7 em. long, concave forward, is made just within the hairline about 5 
em. back of the superior temporal orbital margin (Fig. 1). This incision does 
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not extend lower than the middle tragus of the ear. Its exact position is varied 
in individual patients so the resulting slight scar is entirely covered with hair. 
The skin is undermined widely up to the lateral orbital margin, care being taken 
not to incise the fascia overlying the temporal muscle. The lateral orbital margin 
is then easily exposed by retraction of the skin flap. The periosteum is incised 
along the entire lateral orbital margin and extending through the fascial in- 
sertion of the temporal muscle to about 1 em. above the superior temporal orbital 
margin (Fig. 2). The periosteum is then elevated from outside the lateral 
orbital wall and the temporal muscle retracted into the posterior portion of the 
temporal fossa (Fig. 3). The lateral edge of the zygomatic process of the 
maxilla is rongeured away to afford better exposure, and the lateral orbital 
plate is entered with a craniotomy perforator (Fig. 4). A wedge-shaped section 
of bone approximately 8 sq. em. in area is removed from the lateral orbital 


Fig. 2.—Incision of periosteum. 


wall with rongeurs (Fig. 5). The lateral bony wall is removed anteriorly to 
within 2 mm. of the lateral orbital margin, inferiorly to the body of the maxilla 
and the inferior orbital fissure, posteriorly and superiorly to the inner table of 
the great wing of the sphenoid and to the body of the frontal bone. Care 
is taken not to injure the infraorbital nerve. Retrobulbar tissue enclosed 
in orbital periosteum now bulges through the bony opening (Fig. 6). The 
orbital periosteum is carefully opened with two horizontal incisions parallel 
to the external rectus muscle, one above and one below the muscle, permitting 
free protrusion of orbital fat. Trauma to orbital tissues from digital palpation 
or from biopsy is avoided. Care is taken to control bleeding completely with 
diathermy coagulation before closure is begun. The anterior edge of the tem- 
poral fascia is sewn loosely with silk to the edge of the periosteum along the 
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orbital margin at one or two points, but avoiding any appreciable pressure of 
the temporal muscle on the protruding orbital tissue. The skin incision is closed, 
the lids sutured temporarily (Fig. 7) and a pressure bandage applied over a 


Fig. 3.—Exposure of lateral bony wall of orbit. 


Fig. 4.—Perforation of lateral wall of orbit. 


sponge on the closed eyelids, with only slight pressure over the temporal fossa. 
If exposure keratitis or marked retraction of the upper lid is present before 
operation, an Elschnig lateral tarsorrhaphy and insertion of one or two mattress- 
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Fig. 5B.—Diagram of bone removed, anterior view. 
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Fig. 5A.—Removal of lateral bony wall with rongeurs. 
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5C.—Diagram of bone removed, lateral view. 


Fig. 6.—Retrobulbar orbital contents bulging prongs opening (8 sq. cm.) in lateral bony 
wall. 
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type lid sutures is performed before the bandage is applied. The patient is 
allowed out of bed the following day, and the skin sutures are removed five days 
postoperatively (Fig. 8). 

This procedure gives an entirely adequate decompression. It is performed 
in an aseptic field and does not endanger any important structures. Postopera- 
tive reaction is amazingly slight, some reduction in proptosis generally resulting 


Fig. 7.—Closure of skin incision and insertion of temporary lid sutures. 


Fig. 8.—Skin sutures removed five days postoperatively. 
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from the very beginning. Continued reduction in exophthalmos results for 
several weeks postoperatively, as the slight operative reaction subsides. There is 
no resulting pulsation of the globe and no visible scar or other cosmetic defect. 

Incidentally, a similar skin incision has been used advantageously for 
removal of a number of orbital tumors through the lateral wall; the visible sear 
so often apparent after the classical Kronlein** *° operation is thus avoided. 

The five patients with lateral orbital decompression operated upon in the 
Johns Hopkins Hospital showed the following results: In all five patients the 
exophthalmos receded from 3 to 7 mm. within a period of three weeks after 
operation. In the two patients with both exposure keratitis and extraocular 
palsies, the keratitis rapidly healed and the motility improved. In one other 
patient with diplopia the double vision disappeared within one week. In the 
two remaining patients operations were performed for cosmetic reasons and 
because of incomplete closure of the lids. In these patients there was marked 
cosmetic improvement, and easy closure of the lids resulted. In three of the 
five patients there was preoperative edema of the lids, which was not reduced 
by orbital decompression. These five cases are herewith summarized. 


Fig. 9 (Case 1).—Preoperative appearance. 


CASE REPORTS 


CasE 1 (No. 280005).—E. F., a white man, was 39 years of age. Fifteen months be- 
fore lateral decompression of the orbits, the patient developed classical Graves’ disease with 
slight exophthalmos. Eight months after development of symptoms subtotal thyroidectomy 
controlled the thyrotoxicosis, but three months after thyroidectomy the exophthalmos began 
progressing in each eye. Just prior to the orbital decompressions the conjunctiva of each 
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eye showed extreme chemosis and protruded through the palpebral fissures (Fig. 9). There 
was almost complete immobility of both globes. There was marked exposure keratitis in both 
exes. Exophthalmometer readings could not be taken because of the extreme chemosis of the 
conjunctivae. Basal metabolic rate was -15. It was impossible to close the right lids 
manually, but the left could be closed with the patient under general anesthesia. A lateral 
decompression was performed on the right orbit, together with an extensive tarsorrhaphy, and 
at the same time a partial tarsorrhaphy was performed on the left lids. There was little 
postoperative reaction and within one week there was marked regression of right exophthalmos. 
Ten days after the right orbit was decompressed a similar procedure was performed on the 
left orbit. Again there was little reaction and the exophthalmos receded rapidly. Reduction 
of the exophthalmos seemed to be about 5 mm. in each eye within three weeks after the 
operation and there was partial return of ocular motility. Vision before operation was 
limited to light perception in each eye, but vision rapidly returned and twenty months later 
was 20/30 -1 in each eye. Lid edema disappeared very slowly. 


CASE 2 (No, 285422).—P. T., a white woman, was 44 years of age. One year prior to 
the lateral decompression of the orbit, the patient developed classical Graves’ disease with 
moderate exophthalmos. Subtotal thyroidectomy controlled the thyrotoxicosis but six months 
later the exophthalmos progressed considerably with some edema of the lids and conjunctivae 
and considerable conjunctival irritation in the left eve. Just prior to the decompression opera- 
tion there was still marked edema of lids and conjunctiva and exophthalmometer readings were 
R, 24; L, 26.5. Basal metabolic rate was +10. The left orbit was decompressed and a small 
lateral tarsorrhaphy performed at the same time. There was little postoperative reaction. 
Exophthalmometer readings two weeks after operation were R, 25; L, 22. There was little or 
no immediate reduction of lid edema. 


Fig. 10. Fig. 11. 
Fig. 10 (Case 3).—Preoperative appearance. 
Fig. 11 (Case 3).—Appearance twelve days after decompression of left orbit. 


CaSE 3 (No. 331547).—V. L., a white man, was 40 years of age. Ten years before 
lateral orbital decompression, the patient developed unilateral exophthalmos without signs 
of thyrotoxicosis. The exophthalmos increased in spite of x-ray therapy of the orbit. An 
anterior exploration of the orbit revealed nothing and a transcranial exploration through the 
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orbital roof revealed no tumor and did not improve the exophthalmos, but following this 
operation there was paralysis of the superior rectus. Six months later the patient developed 
signs of thyrotoxicosis. This was relieved by subtotal thyroidectomy but the left exophthalmos 
remained unchanged. The left eye felt continually irritated and eighteen months after 
thyroidectomy a lateral tarsorrhaphy was performed. In spite-of this, recurrent irritation 
of the left conjunctiva persisted and the patient remained so embarrassed about his appearance 
that he wore dark glasses constantly during the next eight years. Just preceding lateral 
decompression of the orbit, exophthalmometer readings were R, 17; L, 23; and there was 
marked limitation of motion of the left eye on upward gaze (Fig. 10). Lateral decompression 
of the left orbit and repair of the old lateral tarsorrhaphy caused minimal operative reaction 
and within twelve days the exophthalmos had receded approximately 3 mm. (Fig. 11). Four 
months after lateral decompression there was only 2 mm. difference in the prominence of the 
two eyes. Ocular motility showed no definite increase, but improvement in cosmetic appearance 


was marked. 


Fig. 12 (Case 4).—Preoperative apyearanc:. 


CASE 4 (No. 351375).—E. H., a white man, was 40 years of age. Two years before 
orbital decompressions, the patient developed classical Graves’ disease with slight exophthalmos 
and marked elevation of basal metabolic rate. Subtotal thyroidectomy was performed six 
months after the symptoms began. Five days after thyroidectomy the exophthalmos rapidly 
became extreme, with inability to close the eyes and development of exposure keratitis. He 
received twenty-one x-ray treatments to the orbits, some of these treatments being given 
with the portal in front of the eyeball. Ten months before the orbits were decompressed 
the exophthalmos improved slightly and thereafter remained about the same. Just preceding 
the orbital decompressions exophthalmometer readings were R, 33; L, 35. There was dense 
scarring of the entire left cornea and of the lower half of the right cornea, with inability to 
close the lids completely in either eye (Fig. 12). A lateral decompression of the right orbit 
gave very little operative reaction, with considerable reduction in exophthalmos within two 
days. Partial tarsorrhaphy of the right lids was performed at the time of operation. Two 
weeks after the right decompression a similar operation was performed on the left orbit. There 
was moderate postoperative reaction on this side, with no immediate improvement of exoph- 
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thalmos. Four weeks after the right decompression and two weeks after the left decom- 
pression, there was about 7 mm. recession ‘of the right globe and about 3 mm. recession of 
the left globe (Fig. 13). The lids were partially closed by tarsorrhaphies and could be com- 
pletely closed voluntarily without difficulty. Rediation cataract had developed in the right 


eye and six months after the orbital decompressions this cataract was removed uneventfully. 


Ocular motility was markedly restricted in both eyes previous to the decompressions, but had 
improved considerably in all directions when the patient was seen six months later. 


Fig. 13 (Case 4).—Appearance four weeks after right decompression and two weeks after 
left. 


CasE 5 (No. 363354).—M. H., a white woman, was 32 years of age. Six months before 
orbital decompression, the patient developed classical Graves’ disezse with some exophthalmos 
and a basal metabolic rate of +67. A subtotal thyroidectomy was performed one month 
after symptoms developed, but basal metabolic rate remained elevated and the exophthalmos 
increased slightly, with considerable edema of the lids and conjunctiva. She then received 
unknown amounts of thyroxin, Lugol’s solution, and thiouracil for almost three months. The 
basal metabolic rate ranged from +15 to +20 with this regime, but there was further slight 
progression of exophthalmos and two months before the decompression she developed a pro- 
gressive palsy of the right superior rectus with diplopia in that field. All medication was 
stopped but the diplopia continued to increase so she could read comfortably only by closing 
one eye. Immediately preceding decompression of the orbits the basal metabolic rate was 
+39 and there was almost complete paralysis of the right superior rectus. Lateral decom- 
pression of the right orbit caused minimal reaction and both the exophthalmos and superior 
rectus palsy appeared slightly improved the day following operation. Six days after operation 
the patient was allowed to use both eyes and was able to read comfortably without diplopia 
for the first time in almost two months. One week after the right orbit was decompressed 
a similar procedure was performed on the left orbit, again with very little reaction. Preopera- 
tive exophthalmometer readings were R, 21 mm.; L, 20 mm. Three weeks after the first opera- 
tion exophthalmometer readings were R, 18 mm.; L, 16.5 mm. Quantitative diplopia fields 
before and after operation showed such marked fluctuation from hour to hour as to be un- 
reliable but appeared to show some average improvement, and the patient no longer had 
symptoms of diplopia unless she looked up and to the right. 
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COMMENT 


Orbital decompression is always indicated if exophthalmos progresses to 
such an extent that there is danger to vision. Thus, it is indicated without ques- 
tion if papilledema or visual field changes appear, or if exposure keratitis 
develops and the cornea cannot easily be protected by means of lateral tarsor- 
rhaphy. 

Use of orbital decompression for diplopia or impaired motility of the globe 
is subject to some question. Of the eighteen reported cases in which opera- 
tion was performed primarily for diplopia, the diplopia disappeared in 
thirteen. However, the diplopia often did not disappear until several weeks to 
several months after operation and the improvement may in considerable part 
have represented a remission of the metabolic disorder or gradual readjustment 
of visual function. 

Nevertheless, orbital decompression does at times result in immediate im- 
provement of ocular motility. Some part of the change in extraocular muscles 
appears to be caused by the increased retrobulbar pressure. From a theoretical 
standpoint this is in keeping with the observation that increased retrobulbar 
pressure, induced by the injection of fluid within the orbit, can reduce or even 
abolish ocular movement.*? If retrobulbar pressure is reduced by decompression, 
improvement of ocular motility should occur. 

However, no improvement in motility can be expected if the fibers in the 
involved muscles are completely degenerated and replaced by fibrous tissue, or 
if fibrosis of the muscle is so extensive as to abolish its elasticity. Thus, little 
or no improvement can be expected from orbital decompression if the acute stage 


of orbital edema has already passed. 

Decompression can be expected to benefit ocular motility most appreciably 
if performed just as the muscle palsies are developing. Therefore, decompression 
appears to be definitely indicated during the early stages of restricted motility 
in malignant exophthalmos. 

Use of the intracranial orbital decompression for cosmetic purposes has 
been condemned by numerous authors, including Naffziger and Poppen. The 
appreciable risk to life with the intracranial procedure renders this conclusion 
sound, but the same objection does not apply to lateral decompression into the 
temporal fossa. Lateral decompression is a benign procedure and usually re- 
sults in considerable cosmetic improvement. Marked exophthalmos is generally 
disfiguring, and often causes considerable embarrassment if not an actual 
psychosis. I believe lateral decompression for cosmetic improvement is entirely 
justified provided the patient is willing to undergo a major surgical procedure 
for this purpose, and provided the patient understands the operation will not 
relieve lid edema or benefit the underlying metabolie¢ disorder. 

Orbital decompression might conceivably be indicated for extreme proptosis 
from other than an endocrine cause, such as pseudotumor of the orbit, but no 


such cases have been reported. 


SUMMARY 


Orbital decompression will usually preserve visual function in eases of 
malignant endocrine exophthalmos where other measures fail to halt progression 
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and ethmoidal sinuses, or the temporal fossa. 
the temporal fossa is described. 


SOS 


of ocular symptoms. 
or early palsy of extraocular muscles. 


SURGERY 


It is indicated if there is exposure keratitis, papilledema, 


The orbit can be decompressed into the anterior cranial fossa, the frontal 
An improved technique utilizing 
This operation is the least dangerous of the 


various decompressions, being extracranial, performed in an aseptic field and not 
endangering any important structures. It leaves no visible scar or other cosmetic 


defect and gives a completely adequate decompression. 


Because of its benign 


nature, its use is recommended for patients desiring cosmetic improvement of 
exophthalmie disfigurement as well as for those with threatened impairment of 


visual function. 
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the cisterna magna, for in the cervical canal the gas travels upward along the 


A METHOD OF ENCEPHALOGRAPHY 


E. GRAEME Ropertson, M.D., MELBOURNE, AUSTRALIA 


T IS fitting that an article on encephalography should be included in this 

tribute to Dr. Walter E. Dandy, both encephalography and ventriculography 
being due to his clear perception and brilliant initiative. As an indication of 
the importance of this one of his many scientifie contributions, it may be said 
that the use of gas as a contrast medium for visualization of the intracranial 
fluid-filled spaces is the most valuable method of neurologic investigation to be 
introduced since Quincke described lumbar puncture in 1891. It is probable 
that these methods will never be displaced, for the apparatus is universally 
available, and the information obtained is based upon definite shadows, which, 
in most cases, do not lend themselves to individual variations in interpretation. 


INTRODUCTION 


Uncertainty as to whether gas will enter the cerebral ventricles is in- 
separable from the usual methods of encephalography by lumbar injection of 
gas, and the patient often suffers considerable discomfort. Further, these 
methods do not always yield the maximum of information. For these reasons 
an endeavor was made to elaborate a method by which the desired filling could 
be secured with greater certainty and less discomfort. In order to secure the 
necessary data, radiography was used to provide a running commentary upon 
the process of filling. The resulting method was described in Encephalography* 
and further elaborations were recorded in Further Contributions to Encephalog- 
raphy.t Because of dissatisfaction with the original methods, introduction of 
gas into the cisterna magna has been widely practiced, especially in England 
and in some European clinics. However, it may be stated that this method 
lacks the versatility and the reliability of the procedure to be described. By 
posturing the neck, gas can be delivered with certainty from the lumbar theea 
into the cisterna magna, or into the subarachnoid space if it is desired. In 
addition, the freedom of the neck allows certain modifications of posture which 
may be essential to ventricular filling. 


THEORETICAL CONSIDERATIONS 


The method has allowed of an accurate analysis of the influence of posture 
upon the distribution of air. A series of experiments has shown that the 
direction taken by the gas along all available pathways, except the ventricular, 
depends solely upon the physical fact that gas tends to rise through fluid. The 
entry of gas into the fourth ventricle depends upon filling the cisterna magna. 
In the sitting patient, flexion of the neck determines the entry of the gas into 


*Robertson, E. G.: Encephalography, Melbourne, 1941, The Macmillan Company. 
+Robertson, E. G.: Further Studies in Encephalography, Melbourne, 1945, The Mac- 
millan Company. 
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highest available pathway, that is, dorsal to the spinal cord. There is usually 
no communication between the dorsal part of the cisterna magna and the 
remainder of the subarachnoid space over the cerebellum. For this reason 
further upward passage of gas is possible only through the anterior part of the 
cistern leading upward to the foramen of Magendie and the fourth ventricle, 
or by passing at a lower level below the cerebellar tonsils into the subarachnoid 
space anterior to the medulla and pons. When the patient is seated with his 
head flexed, the gas rises through the anterior part of the cisterna magna to 
enter the fourth ventricle. Only when the rate of introduction is rapid, or 
when the ventricles are replete, does the gas reach the pontine cistern in any 
quantity by passing below, or sometimes also medial to, the tonsils of the cere- 
bellum. Thus to secure selective ventricular filling it is important to introduce 
the gas slowly. If the patient’s neck is dorsiflexed the gas rises anterior to the 
cervical spinal cord to enter the subarachnoid space anterior to the medulla and 
to pass, at higher levels, into the basal cisterns. 

That the entry into the ventricles is independent of vital phenomena, such 
as vascular pulsation, is shown by the fact that gas enters as rapidly in the 
cadaver, seated with neck slightly flexed, as in the living subject. 

That gravitation is responsible for the influence of posture is shown by 
experiments designed to reverse the influence of flexion and extension of the 
neck. The gas will enter the fourth ventricle when the neck is extended, and 
the subarachnoid spaces anterior to the medulla when the neck is flexed, as 
long as the regions to be filled are uppermost. If the patient lies prone upon 
an inclined plane, with his head uppermost, the gas enters the cisterna magna 
and the fourth ventricle when the neck is extended. If the patient lies supine 
upon the inclined plane, gas enters the pontine and interpeduncular cisterns 
whether the neck is flexed or extended. 

Gas injected into the lumbar theea collects in the dorsal part of the cisterna 
magna and in the subarachnoid space dorsal to the cervical spinal cord, when 
the sitting patient’s neck is fully flexed. The head may now be dorsiflexed in 
stages (that is, the flexion is gradually diminished) and roentgenograms taken 
in each position (Fig. 1). It is found that the gas usually enters the fourth 
ventricle and the aqueduct when the head is flexed from ninety to eighty 
degrees. Sometimes the posterior part of the third ventricle is filled at this 
angle. With further dorsiflexion the third ventricle becomes more and more 
completely filled, until at about seventy degrees of flexion most of the third 
ventricle is outlined. Gas usually commences to enter the lateral ventricles 
when the flexion is reduced to about sixty degrees (Fig. 1). These findings 
cause surprise, for, in this posture, the interventricular foramen of Monro is 
considerably below the termination of the aqueduct. Thus, gas passes downward 
through an originally fluid-filled cavity. This implies that, in this posture, the 
filling of the lateral ventricles is not due to a direct gravitational effect. An 
analysis of this phenomenon, its cause and reproduction in vitro, was described 
in Further Contributions to Encephalography. It is beyond the scope of this 
paper to deal with this point, but it may be stated that the entry of gas into 
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the lateral ventricles when the head is flexed is due to the disturbance of 
hydrostatic balance induced by the entry of gas into the lower ventricles. 
This results in an increase of the pressure in the bubble of gas relative to that 
of the fluid ahead of it. Expansion of the lateral ventricles allows an inflow 
of gas to re-establish the equilibrium. As.the head is further dorsiflexed, gas 


Fig. 1.—Illustrating the influence of posture upon the distribution of gas. Gas is intro- 
duced with the head fully flexed, then dorsifliexed in stages. Tracings of roentgenograms 
taken at eighty-five degrees, sixty degrees, and forty-five degrees are shown. Throughout 
the illustrations the ventricles are shown in red, subarachnoid cisterns and sulci in green, 
and cerebral structures, subdural gas, and bones in black. 


begins to pass into the pontine and interpeduncular cisterns when the flexion is 
reduced to about forty-five degrees (Fig. 1). The subarachnoid cisterns, anterior 


to the pons and medulla, now slope upward and distally. (Under some cireum- 
stances this route is followed when the flexion is still greater, as much as sixty 
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degrees, at which angle the plane of the cisterns is usually approximately 
horizontal.) At these angles the interventricular foramen is lower than the 
point of entry of the aqueduct into the third ventricle. The foramen becomes 
higher only when the angle of flexion is reduced to about twenty degrees. Above 
this angle the inflow may be determined by direct flotation. The volume of 
gas in the ventricles increases progressively as the head is dorsiflexed, and is 
maximal when the head is erect. 


METHOD 


The patient is usually given a sedative before the investigation commences. 
An injection of omnopon, '%4 gr., followed one hour later:by 459 or Yoo gr. 
scopolamine hydrobromide has proved very satisfactory for adults. Paraldehyde 
administered rectally, or ether by inhalation, proves useful for children. During 
the period of introduction of gas the patient sits in front of the x-ray film. 
Special chairs may be devised, the essential features of which are the adequate 
exposure of the patient’s back and the provision of ventral support, -the latter 
ensuring that the drowsy or anesthetized patient remains seated in the correct 
posture. However, special chairs are unnecessary, although in children the 
procedure is made very much easier by a specially designed support. For 
adults, the tubular steel chair of modern design or a stenographer’s chair with 
adjustable back is convenient. In these, the patient sits facing the back rest, so 
that his arms rest upon a cushion fixed to its upper rail. Wide bandages, slung 
around his back, may be added. The chair is placed so that the patient’s fore- 
head rests for additional support against a vertical carrier for x-ray films— 
usually a Bucky-Potter diaphragm, but even this is not necessary. Firm, 
gentle fixation of the patient’s head is helpful. His chin rests in a depression 
in an adjustable pad attached to the center of the lower end of the film support. 
A broad pad of sponge rubber fixed to a curved wooden support eight inches 
long is connected to the center of the upper end of the table, and is adjusted so 
that it rests lightly across the patient’s vertex. This method allows the taking 
of posteroanterior and lateral roentgenograms without disturbance of the 
patient’s head. For lateral views a slotted holder for a parallel grid filter and 
a film cassette is fixed alongside the patient’s head, at right angles to the 
Bucky-Potter diaphragm. By adjustment of these supports the patient’s back 
and neck are flexed to the desired angle. When it is desired to fill the cerebral 
ventricles the head is flexed to about thirty degrees. 

Two lumbar puncture needles are introduced, using local anesthesia, into 
neighboring lumbar interspinous spaces. The type of needle provided with 
two outlets controlled by a three-way tap, such as that designed by Greenfield, 
is most convenient. A length of glass tubing (70 em.) of 2 mm. bore is attached 
to one outlet of the lower needle, thus providing for measurement of pressure 
(Fig. 2). When the pressure is normal, the cerebrospinal fluid rises to about 
the horizontal level of the foramen magnum. A syringe of 20 ¢.c. capacity is 
filled with oxygen from a cylinder of the compressed gas, by means of a sterilized 
rubber tube, in which is incorporated a cotton-wool filter. Gas is then slowly 
injected through the upper needle, while fluid is allowed to drip from the 
lower needle at such a rate as to maintain a constant pressure as indicated by 
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the manometer. When 7 ¢.c. of gas have been injected, a posteroanterior or 
lateral roentgenogram is taken with the center ray directed horizontally. The 
film is developed and studied as soon as it is available. The component parts of 
the shadow are readily recognized in lateral views. The tracing of a typical 
posteroanterior roentgenogram is shown in Fig. 3, a4. When the central ray 


Fig. 2.—Showing the general arrangement, a lateral roentgenogram is being taken. 


makes an angle of about thirty degrees with the long axis of the skull (which 
corresponds to the horizontal plane when the head is erect) the shadow of the 
fourth ventricle has a somewhat rounded appearance (F, Fig. 3). The aqueduct 
inclines forward, away from the x-ray tube, and its distal part is actually 
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along the line of the rays. Hence, the upper part of the aqueduct is shown as 
a dense round shadow (D). The inclination of the head causes the lower part 
of the shadow of the third ventricle (C) to overlap that of the fourth ventricle. 
A narrow column is seen in the midline below the fourth ventricle (G). This 
is due to gas in that part of the cisterna magna between the tonsils of the cere- 
bellum (with the medulla in front and the vermis behind*) and in the lower 
part of the fourth ventricle, between the two vertical limbs of the choroidal 
plexus. The component shadows are clearly seen when the head is slightly 
rotated (Fig. 3, b). Other appearances in the first films, which may indicate 
the necessity of modification of technique in order to obtain satisfactory filling, 
are dealt with in a subsequent section. If the film is satisfactory, the inter- 
change of gas and fluid is continued until an adequate filling is seen. Usually 
about 20 to 25 ¢.e. suffice to outline the ventricles. If filling is continued after 


Fig. 3.—Tracings of posteroanterior roentgenograms, the head being flexed thirty 
degrees and the central ray horizontal. (a) A typical film; (b) The ventricles dilated and 
the head slightly rotated. A, lateral ventricles; B, suprapineal recess; C, body of third ven- 
tricle; D, E, aqueduct of Sylvius; F, fourth ventricle; G, anterior part of cisterna magna 
leading to foramen of Magendie; H, dorsum sellae; J, petrous temporal bone; J, posterior 
part of cisterna magna. 


the ventricles are replete, the gas passes into the pontine and interpeduncular 
cisterns, and thence into other parts of the subarachnoid space. Hence, a com- 
plete filling may be secured without disturbing the position of the head. How- 
ever, certain cisterns, or chosen regions of the subarachnoid spaces, may be 
demonstrated by the use of small volumes of gas, directed by posture to the 
region under consideration. If the head is flexed the gas passes along the 
ambient cisterns to their confluence in the cisterna venae magnae cerebri. 
Then it passes into the dorsal part of the callosal suleus, the occipitoparietal 
and ealearine fissures, and the sulei over the convexity of the occipital lobes. 
If the head is extended, the gas passes forward into the chiasmatie cistern, the 


*In accord with common usage, the term cisterna magna is used to describe that part of 
the cistern posterior to the medulla. For convenience of description, this is subdivided into 
a small anterior part, described above, and a larger posterior part superficial to the inferior 
surface of the cerebellum. As first described, the cisterna magna also included the sub- 
arachnoid space anterior to the medulla. This part the author differentiates as the medullary 
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cisterna laminae cinereae terminalis, the Sylvian fissure and into sulci on the 
medial and lateral surfaces of the frontal and parietal lobes. If the head is 
erect both routes may be followed. If the head is inclined to one side the gas 
will pass into the subarachnoid space over the uppermost hemisphere. 

When a roentgenogram shows that the region under consideration has 
been demonstrated effectively the needles are removed and the patient placed in 
a recumbent position, with his forehead uppermost. An injection of morphine 
may be given at this stage to reduce the headache which occurs when the head 
is moved. The following sequence of postures proves satisfactory for radiography 
in the recumbent posture. The head is rocked from side to side to equalize the 
distribution of gas and an anteroposterior roentgenogram is taken. If the lesion 
is believed to lie in the anterior parts of the third or lateral ventricles a lateral 
view may be taken in this posture. This view is particularly useful when gas has 
also been introduced into the chiasmatie cistern. Next the patient lies prone 
and a posteroanterior view is taken. He then lies on one side during a period 
of some three minutes in which the head is manipulated to secure the passage 
of as much gas as possible into the upper lateral ventricle. Stereoscopic lateral 
films are taken. An anteroposterior view with the head in the lateral posture is 
useful in demonstrating the cross section of the temporal horn. The shadow 
is best seen when it falls between the petrous temporal bone and the lesser 
wing of the sphenoid. The central ray, passing along the sagittal plane of the 
skull, makes an angle of about twenty degrees with a line between the outer 
canthus of the eye and the external auditory meatus. Finally the patient lies 
on his other side while the gas is transferred to the other ventricle. Similar 
views of this ventricle are taken. The views are studied before the patient 
returns to bed so that any necessary amplification can be obtained by repetition, 
or the taking of supplementary views. 

The whole procedure occupies about sixty minutes. There is little reaction 
to the usual procedure. Some 500 patients have been examined by this method, 
using two needles to maintain constaney of pressure. It is believed that this 
factor deserves stressing, for no untoward reactions have been observed, al- 
though over sixty neoplasms are included in the series. Some of these were 
in the cerebral hemispheres (a number producing gross ventricular displace- 
ment), some were suprasellar in position, and some were in the posterior fossa. 
When the lumbar pressure is much elevated, or if there is evidence of incisural 
or foraminal herniation, ventriculography is used instead of encephalography 
if evidence of localization is necessary. 

As an example of the use of small quantities of gas to demonstrate special 
regions, the visualization of the suprasellar region may be described. The 
lateral ventricles and the third ventricle are filled with the head flexed to thirty 
degrees, and a lateral roentgenogram is taken. The head is then dorsiflexed 
(about ten degrees behind the erect posture) and filling is continued. The gas 
now rises into the interpeduncular and chiasmatie cisterns. Lateral and postero- 
anterior views are taken. If the filling of ventricle and cistern is satisfactory 
the patient is placed in recumbency and a lateral roentgenogram is taken with 
the brow up. This shows the anterior part of the lateral ventricles, the third 
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ventricle with its chiasmatic and infundibular recesses, the related cisterna 
chiasmatis, cisterna interpeduncularis, and lamina terminalis. 


CAUSES OF FAILURE AND RECTIFICATION 


The first roentgenogram taken in the erect posture may fail to show the 
fourth ventricle. There are a number of reasons for this, some of which sug- 
gest the necessity of modification of technique if ventricular filling is to be 
achieved. 

Large Cisterna Magna.—The cisterna magna varies greatly in capacity. If 
it is unusually large, many cubie centimeters of gas may be expended in filling 
its dorsal part before gas enters the ventricles. Usually the posterior part is 
small, extending about 3 em. behind the foramen magnum, and reaching to with- 
in 2 or 3 em. of the inion. In such eases, the fourth ventricle will be outlined 
in the first roentgenogram. When the cistern is large it is seen in lateral views 
following the curve of the inner surface of the occipital bone as high as the 
internal occipital protuberance (Fig. 4, a). In posteroanterior views the 
cistern is represented by single or paired shadows, one on each side of the mid- 
line of the posterior fossa (Fig. 4, b). As the quantity of gas increases the 
shadow extends down toward the foramen magnum, and eventually, in postero- 
anterior views, a denser narrow shadow appears in the midline above the foramen 
(Fig. 4, b). The appearance of this column precedes filling of the fourth 
ventricle. It represents the anterior part of the cistern, just described, from the 
apex of which the foramen of Magendie gives access to the fourth ventricle. 
If the ventricle does not contain gas, and a large cistern is seen, a further intro- 
duction will probably lead to ventricular filling. The posterior part of the 
cistern has usually to be filled before gas enters the fourth ventricle, although 
some gas may rise directly into the ventricle through the anterior part of the 
cistern, especially if the head is erect. The gas in the posterior part of the 
cistern may be made to flow into the fourth ventricle by dorsiflexing the head. 
This brings the posterior part of the cistern to a lower level than the anterior 
part, and the gas rises through the latter into the fourth ventricle. In some 
cases the patient may be conscious of the gas bubbling within his skull. The 
transit is rapid and is usually accompanied by the development of frontal head- 
ache. The same transfer of gas is produced by lowering the patient slowly from 
a sitting to a recumbent posture at the end of filling. 

Passage Into Ventral Cisterns.—In lateral roentgenograms the gas may 
sometimes be seen in the pontine, interpeduncular, and ambient cisterns, having 
failed to enter the ventricles (Fig. 5, a). In posteroanterior views the gas is 
seen in the ambient cisterns (Fig. 5, b) which may be recognized as an arched 
shadow, the two anterior pillars arising on each side from the interpeduneular 
cistern (the shadow of which overlies and rises above the dorsum sellae) and 
converging above and dorsally in the cisterna venae magnae cerebri, which in this 
view is situated about 3.5 em. higher than the shadow of the dorsum sellae. In 
some eases the ambient cisterns appear to receive gas from collections seen, in this 
view, above the shadows of the medial parts of the petrous temporal bones. 
These collections are in the upper part of the lateral recesses of the pontine 
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cistern underneath the tentorium. Laterally the gas is situated below the 
attachment of the tentorium to the petrous temporal bone. More medially, the 
gas passes dorsally below the inferior surface of the tentorium, and then around 
the midbrain in the lower part of the ambient cistern to reach the cisterna venae 
magnae cerebri. 


b. b. 
Fig. 4. Fig. 5. 
Fig. 4.—Tracings of lateral and posteroanterior films showing large cisterna magna. 


: Fig. 5.—Gas in pontine, interpeduncular, and ambient cisterns. In the lateral view gas 
is also seen over the superior surface of the cerebellum. 


This passage of gas into the ventral cisterns is the commonest cause of 


initial failure of ventricular filling. In these cases ventricular filling may be 
secured by introducing the gas with the neck more fully flexed, and then slowly 
dorsiflexing the head. The pronounced flexion determines the passage of the 
gas into the cisterna magna, where it accumulates. When the head and neck 
are dorsiflexed after each introduction the gas passes into the fourth ventricle. 
This results in filling in all but a very small percentage. Indeed, if failure 
results it is almost certain that some form of pathologic obstruction exists. 
This method of filling in full flexion followed by dorsiflexion is an excellent 
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routine procedure, since it decreases the percentage of failures. It is to be 
recommended if roentgenograms are not taken during filling, or if time is 
limited. The only disadvantage is that the procedure becomes more trying to 
the conscious patient, for he complains of frontal headache during dorsiflexion. 

Escape From Cisterna Magna.—In a small percentage of cases (about 2 
per cent) the gas reaches the cisterna venae magnae cerebri without passing 
along the pontine, interpeduncular, and ambient cisterns (Fig. 6). The roent- 
genograms show that gas escapes from the apex of the cisterna magna, which in 


Fig. 6. Fig. 1. 


Fig. 6.—Gas reaches the cisterna venae magnae cerebri by passing over the surface of 
the cerebellum. In the posteroanterior view the cisterna venae magnae cerebri (hatched 
horizontally) is seen above the large cisterna magna (hatched vertically). 

Fig. 7.—Gas in the subdural space under the tentorium. The posteroanterior roent- 


zenogram was taken after 5 ¢.c. had been injected, the lateral after 10 c.c. 


these cases is not sealed off from the remainder of the subarachnoid space over 
the convexity of the cerebellum. The gas which enters the dorsal part of the 
cisterna magna flows over the surface of the cerebellum to reach the cisterna 
venae magnae cerebri. If the aperture transmits gas rapidly, the ventricles 
will not fill until the dorsally placed subarachnoid spaces are replete. If the 
head is placed in the erect posture, however, some gas will rise directly into the 
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anterior part of the cistern and thence into the ventricles. In this way, co- 
incident filling of the ventricles and the dorsal cerebellar subarachnoid space is 
produced. 

Subdural Insufflation—In some instances a large shadow of somewhat 
triangular shape, is seen in lateral views (Fig. 7, a). The base extends forward 
from the region of the internal occipital protuberance and the apex is situated 
anteriorly at a considerably higher level. Should the ventricles also fill, the apex 
will be seen to lie near the position of the splenium of the corpus callosum. The 
gas outlines the undersurface of the tentorium. In posteroanterior views a 
narrow column can be distinguished for varying distances above the foramen 
magnum, the distance depending chiefly upon the rate of introduction (Fig. 7, b). 
As more gas is injected a transverse shadow with a denser central peak appears 
at a higher level, due to gas collecting underneath the tentorium. After passing 
through the incisura tentorii, the gas outlines each side of the falx and superior 
longitudinal sinus and collects over the convexity of the cerebral hemispheres. 
In such eases the gas has been introduced into the subdural space. The use of a 
sharp fine needle with a short bevel makes this occurrence less likely. <A long 
bevel may lie in both the subarachnoid and subdural spaces. In other instances 
the bevel slips from the subarachnoid space, in which it originally lay, into the 
subdural space. Fluid escapes through the puncture in the arachnoid and is 
evacuated through the needle. This escape allows the relative collapse of the 
arachnoidal sae, so that it may be difficult to pierce the arachnoid again. Under 
these conditions it is best to withdraw the needle and insert it into a neighboring 
intervertebral space. Even this may fail in securing its object, and it is then 
necessary to resort to cisternal puncture. 

In rare instances it is impossible to fill the ventricles by any maneuver. 
Occlusion of the foramen of Magendie may be responsible, but in adults the 
presence of a neoplasm is the usual cause. 


THE POSTERIOR FOSSA 


A detailed picture of the ventricles and cisterns in the posterior fossa, 
and the intervening cerebral structures, may be secured by taking roentgeno- 
grams when a maximal volume of gas has been introduced into the spaces. This 
is accomplished during the period of introduction of gas. The following is an 
account of the procedure : 

The patient’s head is flexed to thirty or thirty-five degrees, that is, the 
orbitomeatal line, which serves as a useful index, is inclined downward and 
forward, making an angle of twenty degrees with the horizontal plane. Filling 
is commenced in the usual fashion and when approximately 10 c¢.c. of gas have 
been injected, a lateral view is taken to show the fourth ventricle and aqueduct, 
uncomplicated by cisternal shadows. A posteroanterior view is then taken with 
the central ray directed along the orbitomeatal line (Fig. 8, a). Distortion may 
be avoided if the head is temporarily dorsiflexed so that the orbitomeatal line is 
horizontal. At this inclination the central ray makes an obtuse angle with the 
long axis of the fourth ventricle, so the latter is seen on the film as an isosceles 
triangle (B, Fig. 8, a and Fig. 9, a). The aqueduct extends upward to the third 
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ventricle. In this posture the anterior and inferior portion of the third ventricle 
does not fill because the interventricular foramen is relatively high (especially 
if the head is erect), hence the shadow of the third ventricle is small (Fig. 
9, a). 

Filling is then continued with the head in the original posture. When the 
ventricles are replete, gas begins to flow along the medullary and pontine 


Fig. 8.—The posterior fossa. (a) Posteroanterior view, head flexed fifteen degrees; (b) 
head flexed thirty-five degrees; (c) head flexed sixty-five degrees; (d) lateral view, head 
flexed sixty-five degrees; the central ray horizontal in each. A, third ventricle; B, fourth 
ventricle; C, dorsum sellae; D, petrous temporal bone; FE, lateral ventricle; F, cisterna_venae 
magnae cerebri; G, ambient cistern; H, interpeduncular cistern; J, upper part of lateral 
recess; J, anterior part of ambient cistern; K, anterior part of cisterna magna; L, gas be- 
tween medulla and cerebellar tonsil; M, medulla; N, flocculus of cerebellum; O, cerebellum ; 
P, medullary cistern; Q, lateral recess; R, foramen magnum; §S, dorsal part of cisterna 
magna; 7, pontine cistern; U, gas above cerebellum. 


cisterns, and thence into their lateral recesses, and into the interpeduncular 
and ambient cisterns. A posteroanterior roentgenogram is taken when some 
30 ¢.c. have been injected (Fig. 8, b). The central ray is horizontal, making an 
angle of thirty-five degrees with the long axis of the skull, and passing through 
the occipital bone below the external occipital protuberance (Fig. 9, b). The 
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the head being flexed to 


Fig. 9.—Diagrammatic correlation of origin and shadow, 
degrees in a, thirty-five degrees in b, and sixty-five degrees in c. 
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appearances of the ventricles and of the cisterns have been described separately 
and are illustrated in Figs. 3 and 5. When both ventricles and cisterns con- 
tain gas, the ventricular shadows are thrown into the area representing the mid- 
brain and cerebral peduncles, encircled by the interpeduncular and ambient 
cisterns (Figs. 8, b, and 9, b). 

The head is now flexed to sixty-five degrees (so that the orbitomeatal line 
makes an angle of fifty degrees with the horizontal). An additional 20 ¢.c¢. are 
more rapidly injected, and a posteroanterior view is taken with the central 
ray horizontal and directed at the foramen magnum. Fig. 10 is a reproduction 
of a roentgenogram taken in this posture, Fig. 8, ¢ is a tracing, and Fig. 9, ¢ 
analyzes the composition of the shadow. The rays are now directed along the 


Fig. 10.—Posteroanterior view, the head being flexed to sixty-five degrees and the central 
ray horizontal. 


axis of the medulla and pons and more or less parallel with the plane of the 
basioeciput and basisphenoid (Fig. 9, c). Thus, projected into the circle of the 
foramen magnum, can be seen the cross section of the medulla (M, Fig. 8, ¢) and 
the inferior cerebellar peduncles, outlined by gas in the medullary cistern (P), 
the lateral recesses (Q), and the fourth ventricle (B). The floceuli of the 
cerebellum (N) are always clearly outlined. Sometimes gas is seen between the 
medulla and tonsils of the cerebellum on each side (1). The dorsal part of the 
cisterna magna is at a higher level than the other spaces, so its shadow appears 
at a high level (/, Fig. 8, c). The ventral part of the cistern is often seen as a 
dense shadow running downward to the lowest part of the shadow of the fourth 
ventricle (K, Fig. 8, c). The long axis of the third ventricle is approximately 
at right angles to the central ray, and the degree of flexion brings a considerable 
part of the third ventricle to a lower level than the fourth. Hence the shadow 
(A) is a long one, and extends downward below the fourth ventricle into the 
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area representing the medulla. The lateral ventricles (EZ) are projected lower 
than in the previous views. The ventral surface of the pons may sometimes be 
visible although more usually it is obscured by bone. The lateral recesses (Q) 
are clearly shown. Passing dorsally from the lateral recesses, and more or less 
parallel with the margin of the foramen magnum, two columns of gas (G@) can 
be seen. They converge dorsally in the cisterna venae magnae cerebri (F). 
This appearance is due to gas flowing from the lateral recesses, under the 
tentorium and ventral to the lobulus quadrangularis of the cerebellum to join the 
lower part of the ambient cistern. Except in its ventral part this shadow is 
superimposed upon that of the upper part of the ambient cistern. The two 
tributaries can be seen in lateral views (J and G, Fig. 8, d) and in the roentgeno- 
gram taken with thirty-five degrees of flexion (Fig. 8, b). That from the lateral 
recess runs between J and J (Fig. 8, b) and the ventral part of the ambient 
cistern between J and the interpeduncular cistern (J7). 

Finally, a lateral view is taken in this posture to show the cisterns as well 
in the ventricles (Fig. 8, d). The anteroposterior diameter of the medulla and 
pons can be measured. The quadrigeminal plate is clearly defined between the 
aqueduct and the cisterna venae magnae cerebri. The lateral recesses are, in 
large part, concealed by the density of the petrous temporal bones. The upper 
parts, underlying the tentorium close to its attachment to the temporal crest 
ean, however, be seen (J). The columns of gas converging upon the cisterna 
venae magnae cerebri may be clearly seen. One (@) extends dorsally from 
the interpeduncular cistern, and the other extends from the upper part of the 
lateral recess (J). Sometimes these two columns fuse, the whole ambient 
cistern then being filled. The upper surface of the cerebellum may be outlined 
by gas (U) extending dorsally from the cisterna venae magnae cerebri. When 
the cerebellum is atrophic the whole of the cerebellar subarachnoid space may 
be filled with gas by continuing the injection with the head well flexed. 
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A STUDY OF THE AZOTEMIA OBSERVED AFTER SEVERE BURNS 


A, 


JAMES WALKER, JR., M.D.. PHILADELPHIA, | 


(From the Pennsylvania Hospital and the Harrison Department of Surgical Research, 
University of Pennsylvania) 


ETERMINATIONS of the plasma nonprotein nitrogen concentration follow- 
ing severe thermal burns have shown marked azotemia which has paralleled 
the development of the clinical signs of burn toxemia. As these changes were 
not closely correlated with the oliguria which was sometimes observed, it seemed 
of interest to investigate the known components of the plasma nonprotein nitro- 
ven separately to see if an explanation for the lack of correlation could be found. 

In a series of about 100 patients studied in the various Philadelphia hos- 
pitals in 1948 and 1944, the plasma nonprotein nitrogen rose to above 100 mg. 
per cent in eight patients. All of these patients died, and seven of the eight 
died with symptoms of toxemia after the second but before the eighth day fol- 
lowing the burn. Most of the other patients who died either showed pathologic 
lesions unrelated to the burn which explained the death, or had nonprotein 
nitrogen levels of over 80 mg. per cent. 

A number of workers have reported a rise in the nonprotein nitrogen of the 
blood following severe burns,'’ but the close association of this rise with the 
clinical syndrome of burn toxemia has not been adequately stressed. Burn 
toxemia was distinguished from burn shock by Wilson, MacGregor, and Stewart.'" 
The distinction seems valid clinically, but definition of burn toxemia has always 
been difficult since no quantitative laboratory criteria have been available for 
its measurement. The association observed in this study between changes in 
nonprotein nitrogen fractions of the plasma and the clinical symptoms suggests 
the use of the change in blood chemistry as a laboratory criterion of burn tox- 


emia and as an index of its severity. 


CLINICAL MATERIAL AND LABORATORY METHODS 


From a series of over 100 patients with thermal burns requiring hospital- 
ization, which were studied under a contract between the Office of Scientific 
Research and Development and the Pennsylvania Hospital, sixteen were selected 
for detailed analyses of the nonprotein nitrogen content of plasma and urine. 
Urea nitrogen, urie acid nitrogen, creatinine nitrogen, and alpha-amino acid 
nitrogen, as well as the total nonprotein nitrogen, were determined separately. 
The difference between the total nonprotein nitrogen and the sum of the other 


The work cescribed in this paper was done under a contract, recommended by the Com- 
mittee on Medical Research, between the Office of Scientific Research and Development and the 
Pennsylvania Hospital. 
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components was called undetermined nitrogen and proved to be of special in- 
terest. 

The local treatment consisted of the application of bland ointment and 
pressure dressings. Several of the patients received large volumes of one-sixth 
molar sodium lactate orally as suggested by Fox.'! In addition, these patients 
also received parenteral plasma in amounts adequate to prevent excessive hemo- 
concentration. We did not feel justified in abandoning the use of plasma in the 
treatment of shock. Three normal control patients were given 5 L. per day 
of one-sixth molar sodium lactate for three days, after an initial twenty-four 
hour control period. Nonprotein nitrogen fractions were studied as in the 
burned patients (Cases 17, 24, and 30). 

Case histories, detailed tabulations of blood and urine analyses from two 
representative cases, and graphic representations of the plasma nonprotein 
nitrogen partition for each case follow. 
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CASE REPORTS 


CASE 7 (V.Y., Fig. 1).—A 48-year-old Armenian housewife was admitted at noon on 
Jan. 6, 1944, twenty minutes after she had sustained a 55 per cent third degree burn of the 
body and extremities while cleaning a dress with gasoline. She was given morphine, and 
intravenous plasma was started while she was in the operating room. The burned areas 
were superficially débrided and petrolatum gauze and pressure dressings applied. Hemato- 
crit was 57 per cent on admission and rose to 56 per cent eight hours after the accident. 
This was the highest value attained. The patient was given 2.5 L. of plasma and 300 ee. 
of saline solution intravenously. In the first eighteen hours she received 3 L. of one-sixth molar 
sodium lactate orally. She developed thrombosis of the right deep femoral vein with marked 
spasm of the artery, but circulatory embarrassment was somewhat relieved by use of an 
oscillating bed. 
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The patient remained febrile and disoriented for three days. On the third day she 
had two periods of apnea, lasting ten and three minutes, respectively, during which artificial 
respiration was required. She then became rational on the fourth day, and her general 
condition improved. On the thirty-fourth day the patient had a series of severe hemorrhages 


that arose from an apparently spontaneous rectovaginal fistula and rectal ulceration. This 


was controlled by packing and transfusion. 
In spite of a high protein diet, tube feedings, and repeated infusion of plasma and 
blood, the patient lost about thirty pounds of weight. On the fifty-ninth day the patient 


became semistuporous and died on the sixty-second day, of multiple pulmonary emboli. 


Post-mortem examination revealed moderate fatty infiltration of the liver and evidence 


of toxic nephrosis that occurred during the toxemia. Tubular damage was still evident, but 


regenerative processes were marked. Adrenals showed necrosis of the inner zone of the 


cortex, 
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CASE 10 (E. E., Fig. 2).—A 6-year-old white boy sustained a 30 per cent third degree 


flame burn of the legs. Burned areas were treated by superficial débridement and petrolatum 


gauze and pressure dressings. Intravenous plasma was given. The patient sustained only 


moderately severe shock but thereafter became markedly toxic. Temperature rose steadily to 
104° F. on the fifth day and the pulse was 160. Sulfadiazine was started on the fourth 
day and thereafter the temperature fluctuated between 101 and 99° F. The patient took 
over 1,500 ¢.ec. of one-sixth molar sodium lactate orally during the first seven days. The 


patient’s nutrition remained poor in spite of all efforts until the areas healed. Skin grafts 


were applied on the forty-seventh, fifty-sixth, and sixty-fourth days. 
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CASE 11 (M.B., Fig. 5).—A 50-year-old white woman sustained a 25 per cent seald 
of the legs and right arm. The hematocrit was 42 per cent twelve hours after the burn. 
The patient was given plasma intravenously (1,500 ¢.c. the first day and 750 ¢.c. the second 
day) and also received 3 to 5 L. of sixth molar sodium lactate orally daily for the first seven 
lays. Temperature rose to 101° F. but the patient was not remarkably toxic. The tempera- 
ture became normal on the third day and the patient improved rapidly. Skin grafts were 
applied on the thirty-third and fifty-first days. 

Case 12 (D. G., Fig. 4).—A 27-year-old colored man sustained a 30 per cent flame 
burn of the head, shoulders, and arms. Petrolatum gauze and pressure dressings were ap- 
plied, and the patient was given intravenous plasma. Eighteen hours after the burn the 
patient began to have marked respiratory distress, and thirty-six hours after the accident 
tracheotomy was necessary. The patient improved thereafter, although he was markedly 
toxic for five days. He was given from | to 5 L. of one-sixth molar sodium lactate orally during 
the first ten days. The tracheotomy tube was removed thirty-six days later and skin grafts 
applied on the fifty-third day. See Tables I and IT. 
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CASE 14 (N.A., Fig. 5).—A 41-year-old Italian child received a 12 per cent scald of 
the left arm and side. She was not brought to the hospital until twenty-five hours after 
injury, at which time the burns were dressed with petrolatum gauze and pressure dressings. 
The child was given 100 ¢.c. of plasma the day of admission and 250 ¢.c. the following day. 


She showed only moderately severe toxemia. 


Case 17 (J. W., Fig. 6).—A 27-year-old white man was a control patient. Blood speci- 
mens and urine collections were taken for twenty-four hours, after which the subject drank 
9 L. of one-sixth molar sodium lactate orally daily for three days. A positive Chvostek sign 
was noted forty-eight to seventy-two hours after the administration of sodium lactate. 

Case 19 (C.C., Fig. 7).—A 44-year-old white man received a 45 per cent seald and 
flame burn of the trunk, head, and extremities. The burned areas were sprayed with triple 
dye. Intravenous plasma was administered. This patient suffered deep shock, and after 
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recovery from this phase was markedly toxic. On the third day he became comatose. Renal 
shutdown was almost complete and the patient died on the fourth day. Post-mortem exam- 
ination showed some recent hepatic fatty infiltration superimposed on an old portal cirrhosis. 
Toxic nephrosis was marked with almost complete tubular destruction. Adrenals showed 
edema and necrosis of the inner zone of the cortex. The brain showed ganglion cell degen- 
eration and edema. 
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Case 20 (G.L.., Fig. 6).—A 24-year-old white man was another control patient and 
was treated just as was the patient (J.W.) in Case 17. 

CAsE 24 (E.K., Fig. 6).—A 38-year-old woman was also a control. 

Case 25 (M.B., Fig. 8).—A 50-year-old colored woman received a 20 per cent second 
and third degree burn of the head, arms, and shoulders. Petrolatum gauze and pressure 
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dressings were applied. Intravenous plasma (500 ¢.c.) was given the first day. In addition 
she received 3 L. of one-sixth molar sodium lactate orally during the first nine days after being 
burned. The patient became markedly toxic, although shock had not been severe. Urine 
output was poor during the first two days but then improved. Temperature rose steadily 
toward 106° F. on the sixth day, but thereafter her condition improved quickly. Skin grafts 
were applied on the thirteenth, forty-first, and eighty-second days. See Tables IIT and IV. 
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Case 26 (T.S., Fig. 7).—A 22-year-old white man sustained an 18 per cent third degree 
burn of both arms, the face, and chest. The patient received 750 c.c. of plasma the first 
day, 500 c.c. the second, 500 e.c. the third, and 750 ¢.c. the fourth day. Burns were tanned 
with methyl red. The patient was moderately toxic for the first four days. He had broncho- 
pneumonia from the fifth to tenth day but thereafter improved rapidly. 


Case 27 (J. S., Fig. 7).—A 4-year-old white boy received 18 per cent second and third 
degree burns of the arms, face, and trunk. The burns were dressed with petrolatum gauze 
and pressure dressings. Intravenous plasma was administered. Hematocrit eighteen hours 
after the burn was 55 per cent. The boy was quite toxic and the urinary output poor for 
the first five days. Thereafter lhe made an uneventful recovery. Skin grafts were not 
necessary. 
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CASE 32 (E. W., Fig. 9).—A 25-year-old white woman received a 12 per cent scald of 
the right arm and shoulder. Petrolatum gauze and pressure dressings were applied. The 
patient was given 750 ¢.c. of plasma the first day. An oral intake of over 2 L. of one-sixth 
molar sodium lactate was maintained daily for the first seven days. Toxemia was only mild 
clinically. No skin grafts were necessary. 
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CASE 33 (J. N., Fig. 9).—A 58-year-old white man received a 20 per cent second and 
third degree burn of arms, shoulders, and face. Burns were dressed with boric acid oint- 
ment and pressure dressings, and he was given 750 ¢.c. of plasma the first day. The patient 
showed moderate toxemia for five days and then improved. No skin grafts were necessary 
but healing was slow. 


CASE 34 (E. W., Fig. 9).—A 42-year-old white man received a 20 per cent second and 
third degree burn of the head, shoulders, and arms. Burns were dressed with boric acid 
ointment and pressure dressings. He was given intravenous plasma. He showed fairly 
severe toxemia for five days with oliguria and some fever but eventually recovered com- 
pletely without the necessity for skin grafts. 


CasE 38 (D. Q., Fig. 7).—A 43-year-old white man received a 40 per cent third degree 
burn of the head, arms, and legs. Burns were dressed with boric acid ointment and pressure 
dressings, and intravenous plasma was administered. Urine output remained poor and the 
patient showed severe toxemia with disorientation. On the third day he seemed to be im- 
proving, when he suddenly died in respiratory failure. 

Post-mortem examination revealed very little liver damage but a moderately severe 
toxic nephrosis and necrosis of the inner zone of the adrenal cortex. The brain showed 
marked edema with ganglion cell degeneration. 


Case 42 (W. B., Fig. 10).—A 65-year-old man received a 10 per cent second and third 
degree burn of the face and right hand. The areas were dressed with boric acid ointment. 
No plasma was necessary. The patient felt slightly nausated for five days, although he 
showed no shock. Wounds were dressed with gauze. 


CasE 43 (H. T., Fig. 10).—A 40-year-old white man received a 12 per cent second and 
third degree scald of the right arm and shoulder. He was very drowsy and nauseated for 
five days, although he showed no shock. Wounds were dressed with petrolatum gauze. No 
plasma was necessary. 


Case 44 (A. S., Fig. 10).—A 72-year-old woman sustained a 35 per cent flame burn 
of the head, arms, and shoulders. Burned areas were dressed with petrolatum gauze and 
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pressure dressings and intravenous plasma was administered. The patient was given 5 L. 
of one-sixth molar sodium lactate solution orally between the first and second days. Urinary 


output remained good, The patient became disoriented on the second day and showed 


marked toxemia. She improved somewhat on the fourth day but died of respiratory failure 
on the fifth day. 
Post-mortem examination showed fatty infiltration of the liver, moderately severe toxic 


nephrosis, and marked cerebral edema and ganglion cell degeneration in the cortex and 


hypothalamus. 
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Blood specimens were collected in Sanford-Magath hematocrit tubes with 
small amounts of heparin or sodium oxalate powder. The tubes were centrifuged 
within one hour of taking the blood and the supernatant plasma was drawn off. 


Twelve-hour urine specimens were collected under toluene and kept at a 


low temperature until examined. Specimens from women patients were collected 


by means of indwelling catheters. 
Serum bilirubin levels were determined by the indirect van den Bergh 
reaction’? '* using potassium permanganate solutions as the colorimetric stand- 
ard. These determinations were run within ten hours of the time the blood 
was taken, and in all cases serum or plasma was removed from contact with 


the cells within one hour. 

Plasma protein concentrations were determined by the falling drop method 
of Barbour and Hamilton.’ Some protein concentrations and the albumin- 
globulin ratios were determined by the biuret method.’ '® Urinary albumin 
levels were determined by precipitation with Toschyia’s reagent." 

Nonprotein nitrogen levels of plasma and urine were determined by acid 


digestion and direct nesslerization according to the method deseribed by Folin 
and Denis'* and Wong.” 
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Blood urea nitrogen was converted to ammonia by urease and then deter- 


mined colorimetrically according to the method of Folin and Wu.” The urine 


urea nitrogen was also converted to ammonia by urease, and then the total 
ammonia content titrated, thus giving urea plus ammonia nitrogen together. 

Urie acid levels of blood and urine were determined colorimetrically after 
treatment with cyanide.*! 

Plasma creatinine and urine creatinine levels were determined by the method 
of Folin.?? Total creatinine levels of urine were determined by oxidation of 
aliquots with picrie acid. The urine creatine level was obtained by subtraction 
of the figure obtained in routine creatinine determination from that obtained 
after picric acid oxidation of the creatine to creatinine. 

Alpha-amino nitrogen, representing the nitrogen from the alpha amino 
acids, was determined on plasma following the method of MacFadyen.** These 
determinations were carried out only on plasma. 

The balance of the nonprotein nitrogen fraction remaining after subtrae- 
tion of the nitrogen in urea, urie acid, creatinine, and alpha-amino acids was 
labeled ‘undetermined nitrogen.’’ Beeause of the constancy of values obtained 
for uric acid, creatinine, and carboxyl nitrogen, these determinations were not 
made as frequently as those for urea and total nonprotein nitrogen. Values on 
intervening days were obtained by interpolation. 

Estimation of the area burned in a given patient was based on the method 
of Berkow.** 

RESULTS 

All patients studied since January, 1948, who had plasma nonprotein nitro- 
gen levels of over 100 mg. per cent of plasma died. An additional thirteen 
patients died with somewhat lower levels. Of this group two had been burned 
on contact with high voltage electric current and were thought to have died of 
the effects of the passage of the electric current, three died of rapidly develop- 
ing shock, and three of pre-existing disease. The remaining five patients had 
plasma nonprotein nitrogen levels of over 80 mg. per 100 ¢.c. of plasma. In 
ig. 11 is shown the correlation between plasma nonprotein nitrogen and mor- 
tality. It also shows that no patient in the series having more than one-third 
oft the body surface involved by third degree burns survived. 

Fifty to eighty per cent of the increase in the nonprotein nitrogen of plasma 
was due to the undetermined fraction. The only patients showing a_ fairly 
marked rise in urea nitrogen were those in whom marked oliguria was noted 
clinically. In most cases the rise in blood urea nitrogen, the slight rise in urie 
acid nitrogen and in creatinine nitrogen in severe burns, and the small alpha- 
amino nitrogen component were all more or less constant. 

The earbon dioxide combining power of the plasma showed a tendency to 
drop in the early stage of the burn, but usually returned to normal within 
forty-eight hours. Plasma chlorides were not remarkably reduced as a whole, 
although in severe burns there was a definite depression (Davidson,** 2° Under- 
hill and associates?**! and Rosenthal**). 


lord 3 
So7 


838 SURGERY 


Correlation of the output of nonprotein nitrogen in the urine with the 
severity of the burn was not as close. There was some increase in nonprotein 
nitrogen excretion on the first few days and again toward the end of the period 
of toxemic symptoms. The excretion of nonprotein nitrogen rose during the 
phase of clinical toxemia at some point within the first ten days after injury and 
then dropped between the seventh and twelfth days, usually corresponding with 
an amelioration in the clinical signs of toxemia. However, a number of patients 
with severe burns and a good urinary output did not excrete excessively large 
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Fig. 11. 


amounts of nonprotein nitrogen in the urine. Thirty to fifty per cent of the 
increase in urinary nonprotein nitrogen was undetermined nitrogen and most 
of the balance was urea and ammonia nitrogen. There was an increased excre- 
tion of creatinine and creatine during the acute phase of toxemia, but this 
accounted for only a small part of the nitrogen. Urie acid nitrogen excretion 
remained relatively constant for each patient. Albuminuria was not excessive. 

There was a decrease in urea clearance during the stage of toxemia. The 
tendency toward decreased urea clearance, and also a reversal of the albumin- 
globulin ratio, persisted in patients having extensive third degree burns until 
the granulating areas were covered with skin. 
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Transfusion of whole blood or plasma caused a slight rise in the nonprotein 
nitrogen fraction. It might be considered possible that the plasma and urinary 
nonprotein nitrogen elevations observed in toxemia were due to the massive 
infusion of plasma necessary to combat shock. However, similar changes in 
the plasma nonprotein nitrogen were observed in patients who received no 
plasma. One patient (Case 42) with a 10 per cent burn had a plasma non- 
protein nitrogen elevation of 42.0 mg. per cent and another (Case 43) with a 
12 per cent burn had an elevation of 40.0 mg. per cent above the normal of 
35.0 mg. per cent. 


e=Plasma and sodium lactate 
O=Plasma only 
—*Fatal cases 
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Fig. 12. 


It was hoped that the large fluid intake of the patients treated with sodium 
lactate solution might prevent oliguria and prevent or greatly reduce the rise 
in the nonprotein nitrogen concentration in the plasma. It did appear to aug- 
ment the urinary output, but the effect on the nonprotein nitrogen concentration 
was disappointing. No significant difference could be established in the series 
of patients treated (Fig. 12). 


DISCUSSION 


Wilson, MacGregor, and Stewart’® stressed the evidence of liver damage, 
in their paper in 1938, and changes in liver function were reported by Wolff, 
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Elkinton, and Rhoads** in 1940. However, Wells** and Wells, Humphrey, and 
Cole® showed that tannic acid could produce sueh damage and the subsequent 
papers of Hartman and Romence * and Erb, Morgan, and Farmer* leave little 


Fig. 14A (C. C., Case 19).—Kidney; selective destruction of tubular epithelium (180). 


doubt that most of the severe liver necrosis seen after burns was due to the 
use of tannic acid in the local treatment. Furthermore, Hartman and Romence 


Fig. 13 (L. C., Case 23).—Liver; marked fatty degeneration (180). 
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resent data indicating that some of the other tanning agents may have had 
nt data indicating that some of the other tannins nts may | had a 
similar influence. 


Sinee the abandonment of tanning agents in the local treatment, much less 


disturbanee of liver function has been found.’> There is, however, some dis- 


Fig. 14B (C. C., Case 19).—Kidney; vacuolization and autolysis of tubular cells (700). 


Fig. 14C (A. S., Case 44).—Kidney; complete loss of tubular epithelium; glomerulus intact 
(X700). 
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turbance, and the histologic evidence of moderate degenerative changes has 
been found at autopsy (Fig. 13). 

As the emphasis on liver damage as a possible explanation of the deaths 
during toxemia has receded, the importance of renal injury has received more 
attention. In two of the patients in the present series very severe oliguria 
developed with considerable rise in urea nitrogen. 


Fig. 15B (H. O’N., Case 45).—Kidney; essentially normal (X700). 


Fig. 154 (H. O’N., Case 45).—Kidney; essentially normal (X180). 
| 
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Of the cases presented here in detail, three patients died within three to 
five days after receiving severe burns, with all the clinical evidence of severe 
toxemia. Post-mortem examination of these patients showed evidence of a 
toxic nephrosis with glomeruli intact but with marked degeneration of the entire 
tubule. The lining epithelium was necrotic and in many eases completely ab- 
sent (Fig. 14). One patient (Case 19) died in renal failure. Sections of renal 
tissue from a patient dying fifteen minutes after receiving a third degree burn 
of 95 per cent of the body are included as controls for comparison with tissues 
of patients dying of burn toxemia (Fig. 15). These patients all showed the 
marked ganglion cell degeneration in the brain that was reported previously.*® 

In spite of the occurrence of oliguria, azotemia, and severe histologic changes 
in the kidney tubules, it does not appear that these patients died primarily of 
renal failure. The urea nitrogen did not reach the levels commonly seen in 
uremia, and in one of the patients with oliguria the daily urine volume had 
returned to normal before death. Furthermore, the urine output of nitrogen 
was increased in most instances after the burn, and the azotemia evidently de- 
veloped in spite of increased nitrogen elimination. Moreover, the fractionation 
of the nonprotein nitrogen indicates that most of the azotemia was due to a rise 
in the undetermined fraction of the plasma nonprotein nitrogen. 

In a few patients in the series the polypeptide fraction was determined by 
analyzing specimens for carboxyl nitrogen before and after phosphoric acid 
hydrolysis. The polypeptide fraction thus determined was elevated in rabbits 
as reported by Lambret and his associates.* * 

The association between the clinical evidence of toxemia and the early rise 
in plasma undetermined nitrogen suggests that further investigation of the na- 
ture and origin of this fraction might be worth while. The substance or sub- 
stances represented could be toxic or merely physiologically inert breakdown 
products resulting directly or indirectly from the lysis of the damaged tissues. 
Other experiments in this direction are in progress. 


CONCLUSIONS 


There was a marked rise in plasma nonprotein nitrogen within two to six 
days following thermal burns in seven patients. The rise in plasma nonprotein 
nitrogen was due chiefly to an increase in an as yet undetermined fraction. 

The degree of this rise was of prognostic importance. 

There was a constant but less marked increase in the excretion of urinary 
nonprotein nitrogen, with 30 to 50 per cent of the increase due to the unde- 
termined fraction. 

There was a considerable depression of the urea clearance during the phase 
of toxemia which persisted to some extent in cases of severe burns until the 
injured areas were epithelized. Since the occasional increase in blood urea 
nitrogen was not proportional to the rise in undetermined nitrogen, and since 
the urinary output was generally somewhat increased, it seems unlikely that 
kidney damage is the usual cause of death in burn toxemia. 
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SURGERY OF COLON AS SEEN IN AN OVERSEAS 
GENERAL HOSPITAL 


COLONEL Guy W. anp Captain Ricuarp A. Micuaux, Mepicat Cores, 
THE UNITED STATES 


ARMY OF 


URGERY of the colon as seen in a general hospital in Italy consisted 
chiefly of the care, closure, and treatment of colostomies which had been 
performed in the forward areas for large bowel perforations. There were 
only five original colostomies performed during this time by us, so the chief 
problem, aside from treating associated injuries, has been the selection and 
closure of colostomies suitable for closure in the time allotted for holding patients 
in an overseas theater. This report covers a period of thirteen months from 
Jan. 1, 1944, to Feb. 1, 1945, during which time 111 colostomies were seen, 
of which only 40 were closed. 

There is no dispute concerning exteriorization of the injured large bowel. 
This is now a well-established principle, which was brought strongly to our 
attention by Ogilvie in his writings on the British campaign in Lybia. If the 
injured part of the large bowel cannot be exteriorized, then a proximal colos- 
tomy should be done. This also is an established principle which has pro- 
duced excellent results. 

As to the type of colostomy that should be done, there is still some con- 
troversy. Among the patients we have seen there have been many types of 
colostomies represented, ranging from the inefficient tube colostomy to the 
more radical double-barreled colostomy, with its limbs divided, and in some 
cases the stomata separated by skin. These extremes were rare, and for the 
most part colostomies have fallen into two classes, the spur and the loop. 
There are some who advocate the double-barreled spur type of colostomy, and 
contend that a loop colostomy will not completely shunt the fecal current from 
the distal bowel. On the other hand, we have found that the simple loop, 
when properly exteriorized, will completely shunt the fecal current. The loop 
colostomy can be done more easily, and at time of closure the continuity of 
the bowel can be restored more nearly to its original status. If it becomes 
necessary to resect a portion of the large bowel, then the double-barreled spur 
type is used. When this type of colostomy is performed, the spur should be 


clamped fairly early. 

In the majority of the battle casualties in which there were large bowel 
injuries, the loop colostomy has been the method of choice because it is only 
temporary and is done in order to sidetrack the fecal current for four to eight 
weeks. In cases where there is only one perforation of the large bowel, this 
has occasionally been closed and exteriorized. In some cases of this type, it 
has not been necessary to open the loop and after eight to ten days to allow 
the healed perforation to retract into the peritoneal cavity. Most of these 
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patients will require a repair of the abdominal wall weakness at a later date, 
which is a simple procedure as compared with a colostomy closure. 

All types of colostomies will have a tendeney to retract during the first 
few weeks and the glass rod or tube placed under the loop will prevent this 
retraction and keep the posterior bowel wall level with the skin. If this is 
maintained for several weeks, and the colostomy opening is adequate, there 
will be no spillage of fecal material over into the lower bowel. It is best to 
open the bowel along its long axis, not necessarily in the longitudinal bands, 
and to have two-thirds of the incision on the oral side of the supporting rod. 
The mucosa will soon evert due to contraction of the circular musculature of 
the bowel. This type of incision is more readily closed and if the suture line 
is transverse to the bowel axis the closure will produce less constriction of 
the lumen. 

As our experiences have dealt principally with the treatment of colostomies, 
we will deal chiefly with the treatment we have used pre- and postoperatively, 
the technique of closure, and supportive methods used in those colostomies 
unfit for closure in overseas theaters. Several which are representative of 
the types seen are also briefly reported. 

After a patient with a colostomy has been admitted to a general hospital, 
and his case reviewed, one of the first questions that arises is when and where 
the colostomy should be closed. If the patient is debilitated and has other 
injuries which take priority over the colostomy, it may be best to return him 
to the Zone of Interior as soon as possible. 

Of the 111 colostomies, 40 were closed. The reason for the colostomies is 
shown in Table I. The sites of injury are about equally divided over the 
large bowel, and closures are likewise equally divided among the sites of injury. 


TABLE I. LOCATION OF INJURY WHICH NECESSITATED COLOSTOMY 


COLOSTOMIES CLOSED COLOSTOMIES NOT CLOSED TOTAL 


Cecum 4 6 10 
Ascending colon 4 5 9 
Transverse colon 10 a7 
Descending colon 12 if 
Sigmoid 13 18 
Rectum 20 30 
Perineal wounds 5 10 


Total cases gi 111 


The additional associated injuries are shown in Table II. Except for 
those patients who had paralysis of the major nerves, there seemed to be no 
one single injury which was thought to preclude closure before the patient 
was returned to the Zone of Interior. It was thought that the nerve lesion 
took priority over the colostomy and in these patients it was best to evacuate 
them as soon as they were in satisfactory condition, or to suture the nerve and 
leave the colostomy closure for a later period. 


In Table III are given the complications which arose in addition to the 
injuries originally received. Infected abdominal wounds were the most fre- 
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COLOSTOMIES CLOSED COLOSTOMIES NOT CLOSED TOTAL 
Small bowel perforations 15 23 38 
(single) 1 i 8 
(multiple) 14 16 30 
Bladder perforation 2 8 10 
Spleen 1 4 5 
Liver 2 4 6 
Extensive soft tissue injuries 15 30 45 
Chest and lung injuries 5) 4 9 
Paralysis of major nerves 0 5 5 
Fractures 12 41 53 
Tlium 3 8 
Ischium 2 + 6 
Pubis 0 2 2 
Sacrum 1 10 11 
Coccyx 3 4 
Extremities 5 2 At 
Skull 0 2 2 
Amputations (major) 2 + 6 
Arm 0 ] ] 
Thigh 0 1 1 
Leg 2 2 


TABLE 


COMPLICATIONS 


quent single cause which prevented the closing of the colostomies. 
these cases of infected wounds thé colostomy had been brought out of the 
original abdominal incision, and not out of a small separate incision. 


In all of 


It is of interest to note, in view of the controversy concerning the cause 
of hepatitis and the possibility of transfusions of blood and plasma produc- 
ing or being a contributing factor, that there was only one case of hepatitis 
in this series. All of these patients had multiple transfusions of both blood 
and plasma before and after admission to our hospital. 


COLOSTOMIES CLOSED COLOSTOMIES NOT CLOSED 
Pneumonia 1 8 9 
Intestinal obstruction 2 5 7 
Osteomyelitis of pelvic bones 0 8 8 
Infected abdominal wounds 
(original exploratory incision) 0 13 13 
Hepatitis 0 1 1 


TABLE IV. 


The mode of injury is shown in Table IV. 
fragments caused the greatest number of injuries, but even so twenty-five 
injuries from rifle or machine gun bullets seems high for this theater. 


OF 


INJURY 


As would be expected, shell 


COLOSTOMIES CLOSED 


COLOSTOMIES NOT CLOSED 


TOTAL 


She.l fragment 30 
Bullet 7 
Air bomb 0 
Land mine 1 
Hand grenade 0 
Blast injury 1 
Stab wound 1 


Vocal 


48 
18 


78 
3 


9 


; 
1 
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First, the complicating injuries must be treated. The soft tissue wounds 
are secondarily sutured or covered by skin graft, and the fractures treated 
according to their need. If there are open wounds near the colostomy which 
are continuously being contaminated, it may be necessary to close them at the 
time the colostomy is sutured, but all other wounds outside the area of con- 
stant contamination should be closed at the earliest possible time. Wounds 
of the iliac region and flank can often be closed and kept clean by appropriate 
dressings and care. In secondarily closing such wounds it is advisable to make 
a very loose closure with adequate space between each skin suture for drain- 
age. Those patients who were in poor general condition or had other serious 
complicating wounds such as chest and lung injuries, destruction of the blad- 
der, rectum, and anus, severe compound fractures, and laparotomy wound 
infections fall into the class where closure should be delayed. In those cases 
where time and condition allowed closure to be done in this theater, it was 
found that six weeks after the initial injury was an adequate interval to wait 
before closure, and in some cases closure could be done sooner. Immediately 
preoperatively the patients are put on a liquid diet for twenty-four hours. A 
rectal examination is done daily for three days preoperatively, and if any 
fecal material is found, an oil enema followed by a saline enema is given. Due 
to the great importance of having the lower bowel clean, the final check should 
be done by the surgeon himself. It might be added that fecal material is just 
as frequently found in the lower bowel when a double-barreled colostomy has 
been done as in the loop colostomy and most often it is not due to the spilling 
over of fecal material but was present in the lower bowel at the time of injury 
and had not been expelled or removed. 

The colostomy should not be closed after division of the spur until edema 
of the mucosa has subsided, which usually takes several days. It should then 
be examined carefully to see that the spur has been cut down sufficiently and, 
if not, the spur should be further crushed. 

Ilere again there is advantage in the loop colostomy, because there is no 
spur to be clamped with resulting edema, and consequently there is less chance 
of edema along the suture line at the time of closure, for it is well known that 
clamping the spur interferes with circulation of the bowel. There is also less 
chance of obstruction in a bowel that has the posterior part of the bowel wall 
left intact, especially that part along the mesentery attachments, as is the case 
in the loop colostomy. 

The technical procedure carried out, with but few exceptions, in closing 
these colostomies is as follows: With the patient under nitrous oxide-ether 
anesthesia, the abdomen is prepared and draped, and the mucosal margins are 
then loosely closed with interrupted No. 00 chromic catgut sutures to prevent 
further soiling. The suture line should be transverse to the bowel axis to pre- 
vent constriction of the lumen. The abdominal skin is again cleansed and 
painted with iodine and alcohol and the patient completely draped. The sur- 
rounding tissues are first freed from the bowel down to the peritoneal cavity. 
The bowel closure is completed with two more rows of No. 00 chromic catgut, 
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the first of which is a continuous mattress stitch and the second a row of 
interrupted sutures. The two end sutures of this second row are left long and 
after the sutured colon has been placed back jnto the peritoneal cavity, they 
are passed through the peritoneum and tied so that the suture line of the 
bowel is held against the peritoneum, just beneath the wound. The peri- 
toneum, muscle, and facia are then closed in layers with interrupted chromie 
catgut. The skin is left unsutured and is drawn together on the fourth post- 
operative day with flamed adhesive. 

Occasionally it has been found that this procedure would constrict the 
bowel lumen and before closure is begun an additional longitudinal incision 
was made in the bowel and then this enlarged stoma closed transversely. In 
these cases and in a few others it was necessary to open the peritoneal cavity 
before the mucosa was completely closed, and to free up both ends of the 
bowel. In two or three cases, where a double-barreled colostomy had been 
done, there was no hesitancy in doing a complete end-to-end anastomosis to 
insure an adequate bowel lumen. 

Postoperatively we have used constant gastric and duodenal suction rou- 
tinely for the first three days, during which time the patient is given 2,000 e.e. 
of 5 per cent dextrose in saline solution and one unit of plasma intravenously, 
daily. About the third day, when the patient usually begins to pass gas per 
rectum, the suction is discontinued, and clear fluids, cereals, and jellies are 
started by mouth. The diet is gradually increased until the tenth day, when 
the patient is placed on a regular diet provided there have been no complaints 
or discomfort after taking food. After the first week the patients are given 
30 ¢.c. of mineral oil daily, and frequent rectal examinations are done to make 
sure that there is no accumulation of fecal material in the lower bowel. An 
oil enema is given whenever necessary. If these patients have no other com- 
plicating injuries, they are allowed to walk about the ward on the twelfth 
postoperative day. 

In the patients in whom closures were done there were two who developed 
intestinal obstruction postoperatively. In both, simple catheter enterostomies 
were all that was necessary to relieve the Gbstruction, and both patients were 
back on a general diet within a few weeks. The enterostomy tubes were re- 
moved approximately ten days later and these wounds healed sponfaneously. 
Only one of the colostomies which was closed developed a superficial wound 
infection which cleared up readily and did not prolong the period of hos- 
pitalization. In one other case the wound broke open, and there was a small 
amount of fecal drainage for several days, after which it closed spontaneously. 
This was the only case in which a ventral hernia developed, requiring repair 
at a later date. There were no deaths among the 111 colostomy cases, and 
no evidence of peritonitis was found in any of the 40 patients after the closure 
operation. 

ive brief reports of typical cases are given here. The first three 
are cases in which closure was not done; the reason for the delay in closure 
is quite obvious in each case. In the last two cases closure was done and the 
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patients have had no further symptoms after being evacuated. One (Case 4) 
of the two had a postoperative obstruction caused by extensive edema at the 
suture line which was produced by enfolding excessive mucosa at the time of 
closure as the colostomy opening was quite large (see Fig. 4). 


CASE REPORTS 


CASE 1 (Fig. 1).—A soldier wounded in action by enemy shell fragments on Aug. 26, 
1944, near Cleon, France, sustained a severe penetrating wound of the abdominal cavity 
with perforations of the stomach and transverse colon. Débridement of the wound of 
entrance, which was in the midaxillary line between the tenth and eleventh ribs, removal 
of foreign body, closure of the gastric perforation, and a double-barreled colostomy in the 
transverse co’on were done on the day of injury at an evacuation hospital. This patient 
was admitted to the Forty-fifth General Hospital on Sept. 2, 1944, at which time he was 


markedly dehydrated and in poor general condition. It was also noted on admission that 
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Fig. 1 (Case 1).—Proximal limb of colostomy has retracted; an intraperitoneal abscess de- 
veloped which drained both through the bowel and around the colostomy. 


the proximal exteriorized portion of the colon was gangrenous and sloughing. For the 
next twelve hours after admission his condition became progressively worse, his abdomen 
distended and aperistaltic. After forty-eight hours, during which time he was given intra- 
venous fluids and blood transfusions, and constant gastric suction was maintained, his 
general condition improved and he began to pass a small amount of gas and liquid feces 
through the colostomy. From this time on his condition became steadily better. He later 
developed a left pleural effusion, for which multiple chest aspirations were done, and an 
intra-abdominal abscess, which drained spontaneously through the mid-portion of the 
laparotomy incision and from the lumen of the distal limb of the colostomy. This drain- 
age ceased spontaneously and his condition became suitable for evacuation to the Zone of 
Interior on Oct. 16, 1944. 


In this case several months’ convalescence was necessary before closure 
of the colostomy could be attempted. A spur type of colostomy was done, but 
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there was too much tension on the proximal end and also an inadequate blood 
supply. Several inches of the bowel sloughed and the entire colostomy re- 
tracted, from which infection of the wound developed and also an intraperi- 
toneal abscess. In this case it would have been better to have brought the 
ends of the bowel out of separate wounds or to have freed up more of the 
bowel before forming a spur. 


CASE 2.—A patient wounded in action by enemy shell fragments Aug. 26, 1944, near 
Allex, France, sustained three perforations of the jejunum and severe damage to the 
splenic flexure of the colon. The perforations of the jejunum were closed, the splenic 
flexure of the colon resected, and a spur colostomy done in a field hospital on the day of 
injury. On the fifth postoperative day the patient developed signs of a right subphrenic 
abscess which was drained transabdominally, just below the costal margin in the anterior 
of purulent bile-stained material was obtained. It was 


axillary line, and about 800 ec. 
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Fig. 2 (Case 2).—The drain is shown in the subdiaphragmatic abscess which later 
developed into a duodenal fistula. There was also an acute obstruction of the lower portion 
of the small bowel. Due to the recent duodenal fistula and intestinal obstruction the patient 
was evacuated without closure of the colostomy. 


noted on the following day that duodenal contents were draining from the abscess cavity. 
On admission to the Forty-fifth General Hospital on Sept. 18, 1944, the patient showed 
marked excoriation of the abdominal wall and on the first day after admission there was 
1,800 ¢.c. of duodenal drainage. Continuous suction was used to keep the wound dry and 
the duodenal fistula gradually closed spontaneously. On Oct. 27, 1944, the patient devel- 
oped an acute intestinal obstruction which was found to be in the lower small bowel and 
caused by adhesive bands. After release of these adhesions the postoperative course was 
uneventful and he was returned to the Zone of Interior on Nov. 29, 1944 (see Fig. 2). 
In addition to the abdominal injuries, he had a severe wound of the left leg with 
compound, comminuted fracture of the fibula. After the duodenal fistula had healed and 
the blood picture had been brought up to normal, the leg wound was closed by suture and 
After his return home, the colostomy was successfully closed. 


split-skin grafts. 
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Closure in this patient and also the patient in Case 1 could have been 


done overseas,:but it is felt that colostomies with definite intraperitoneal or ab- 
dominal wall infection are best closed three or more months after injury and 
therefore evacuation to the Zone of Interior is advisable as soon as the infee- 
tion has been cleared up and the general condition permits. 


CASE 3.—A_ soldier wounded in action by an enemy land mine Aug. 31, 1944, near 
St. Maxine, France, sustained three perforations of the ileum, a perforation of the rectum, 
a lacerated spleen, and a compound fracture of the right femur. The three perforations 
of the ileum and the perforations of the rectum were sutured along with a splenectomy 
and a loop colostomy of the sigmoid at an evacuation hospital on the day of injury. On 
Sept. 4, 1944, the thigh wound was débrided and the fractured femur was fixed with three 
vitallium screws. The patient was admitted to the Forty-fifth General Hospital on Sept. 


Fig. 3 (Case 3).—This patient developed a Jarge intra-abdominal abscess which drained 
through the mid-portion of the laparotomy incision. It would have been better to have brought 
the colostomy out of a separate incision. This patient also had a severely compound com- 
minuted fracture of the right femur. 


13, 1944, in poor condition. A septic course continued, with signs of an intra-abdominal 
abscess. On Oct. 5, 1944, the upper end of the incision was probed and a large amount 
of thick yellow pus obtained. After drainage of the abscess he improved steadily and on 
Nov. 7, 1944, his condition became suitable for evacuation to the Zone of Interior. The 
infection of the abdominal wound and resultant intraabdominal abscess can be partially, 
if not wholly, attributed to the colostomy being made in the original abdominal incision, 
as the infection was first noted there and seemed to spread downward. A_ colostomy 
through the original laparotomy incision in battle casualties should be avoided if possible 
(see Fig. 3). 


CASE 4.—A soldier wounded by enemy mortar shell July 17, 1944, near Palaia, Italy, 
sustained three perforations of the splenic flexure of the colon which were exteriorized as 
a loop colostomy through a stab wound in the upper left quadrant of the abdomen. He 
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was admitted to the Forty-fifth General Hospital on Sept. 22, 1944, in good condition. 
On Oct. 11, 1944, the colostomy was closed. He developed an obstruction on the ninth 
postoperative day, for which an enterostomy was done. The patient showed no further 
signs of obstruction. On Nov. 14, 1944, he was returned to the Zone of Interior, at which 
time he was ambulatory and eating a regular diet (see Fig. 4). 


This colostomy is one of the type which we believe should be closed in an 
overseas theater, although the patient was one of the two who developed an 
obstruction following colostomy closure. He became transportable before the 
expiration of the time limit of hospitalization in this theater. Several months 
later he reported that he was in excellent health and had had no further 


trouble or complaints. 


Exploratory 
incision 


Fig. 4 (Case 4).—Much of the mucosa of the anterior part of the bowel was destroyed 
at the time of the original injury. The mucosa was greatly everted and edematous, but 
there was no spillage of fecal material into the lower bowel. 


CASE 5.—An officer wounded in action by shell fragments on May 15, 1944, near 
Madrogone, Italy, received a severe penetrating wound of the left iliac region. The shell 
fragment produced a shattering fracture of the left ilium and penetrated the sigmoid. The 
wounds were débrided on the day of injury at an evacuation hospital and the injured bowel 
was exteriorized as a loop colostomy. Eight days later the patient was transferred to the 
Forty-fifth General Hospital where he was received in good condition except for being 
slightly anemic. He was given two blood transfusions of 500 c¢.c. each on successive days, 
and two days later, twelve days after his original injury, the soft tissue wounds were 
closed. Adhesive strips and dressings were placed in such a manner as to prevent soiling 
of the wound in the iliac region from the colostomy. The soft tissue wounds healed rap- 
idly and satisfactorily. 

Five weeks after the original injury the colostomy was closed and the patient made a 
normal and satisfactory recovery. Four weeks later, after being ambulant about the ward 
for several days, he was transferred to the Zone of Interior. Four months after the orig- 
inal injury he wrote that he had been reassigned to duty and had had no further trouble. 
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Closure was easy in this patient but is of interest because of the wound 
in the region of the left ileum which was being constantly contaminated by 
the drainage from the colostomy, and with a little extra care the wound was 
sutured and healed readily. All concomitant wounds in these cases should be 
closed as soon as the patient’s condition permits. 


SUMMARY 


1. A brief summary has been given of 111 colostomy cases in an Overseas 
general hospital. 


2. Treatment consisted of supportive measures, closure of associated soft 
tissue wounds and reduction of fractures, and the closure of many of these 
colostomies. There were no deaths in the entire series of 111 cases and 40 of 
the colostomies were closed. Postoperatively there was fecal drainage in only 
one patient, which cleared up spontaneously within ten days. 

3. In injuries to the rectum and lower sigmoid the loop colostomy is ade- 
quate and preferable. 

4. Exteriorization of the injured part of the bowel by loop colostomy is 
advised. If the perforation is small, suture of the perforation and exterioriza- 
tion without opening the bowel lumen, should be done. 

5. The colostomy should always be brought out through a small, separate 
abdominal incision, preferably away from the lower rib margins. 

6. Closure of colostomies should not be attempted in an overseas theater 
in the presence of wound sepsis or if obvious peritonitis has existed within 
six or eight weeks. 

7. No closure should be attempted until all plastic work on the lower 
bowel, anal sphincter, urinary bladder, or perineum have been completed. 


| 
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Review of Recent Meetings 


THE FIFTY-SEVENTH ANNUAL MEETING OF THE 
SOUTHERN SURGICAL ASSOCIATION 


Hor Sprines, Va., Dec. 4-6, 1945 
GrorGE D. Litty, M.D., Miami, Fa. 


HE members of the Southern Surgical Association were the guests, December 3, of 
Brigadier General Clyde M. Beck and Colonel Daniel C. Elkin and fhe Medical Staff 
at The Ashford General Hospital. During the morning a scientific program was presented. 
Captain William H. Galvin discussed Anesthesia for Operations of Long Duration. Captain 
William C. Ward and Major George C. Prather outlined their Treatment of the Paralyzed 
Patient. Major William B. Patton described the Treatment of Pulsating Exophthalmos. 
Major Ernest G. DeBakey reported his experience with Repair of Extensive Nerve Defects. 

There was a symposium of Unusual Problems in Bone Replacement. Captain Louis 
M. Rosati discussed Bridging of Defects of the Femur. Captain Edmond R. Zaglio de- 
scribed a Deformity of the Radius Due to Aneurysm. And Major Hugh H. Trout, Jr., 
described The Repair of Skin Grafted Bone Cavities. 

Captain Fred W. Cooper, Jr., discussed Resection of the Clavicle for Certain Vascular 
Lesions. Major M. H. Harris considered the diagnosis and management of Arteriovenous 
Aneurysms of the Vertebral Vessels. Captain Jacob W. Kahn described the Effect of 
Atropine on Branham’s Sign. And James V. Warren considered The Effect on the Circu- 
lation of an Arteriovenous Fistula. 


The fifty-seventh annual session of the Southern Surgical Association was held at the 
Homestead Hotel, Hot Springs, Va., on December 4, 5, and 6, 1945. 

Charles A. Vance presided and Alfred Blalock served as secretary. I. A. Bigger was 
chairman of the committee on arrangements. 


William P. Longmire began the scientific program by describing A New Method for 
Constructing an Artificial Esophagus. He reviewed the medical literature on this most 
interesting subject, and then described a procedure employed by himself and Mark M. 
Ravitch on three patients. A long segment of proximal jejunum with a single arterial loop 
blood supply was isolated and the continuity of the intestinal tract was re-established. 
This isolated loop was then brought out upon the abdominal wall through a stab wound 
and was used as the inner lining of a long skin tube which was made from the integument 
of the anterior abdominal wall. In a short time the isolated segment of bowel had begun 
to derive its blood supply from the enveloping skin tube, and it became possible to sever 
its intra-abdominal blood supply. This created a typical tube flap which was then ‘‘walked’’ 
into place on the anterior thorax so that it could be attached to the cervical esophagus 
above and to the stomach below. Such a tube, with its intestinal lining, has the advan- 
tage of a mucosal lining naturally adapted to its function, and swallowing is expedited 
by normal peristalsis which occurs in this type of tube. A motion picture was shown to 
demonstrate the normal peristalsis in the tube after the operation was completed. 


Champ Lyons presented the results of his Investigation of Chemotherapy in Wound 
Management in the Mediterranean Theatre. Lyons stressed the point that no chemotherapy 
is of value in the prevention of toxemia caused by the absorption of the products of tissue 
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decomposition which occurs in wounds not properly débrided. The antibacterial potency 
of various drugs was studied on microorganisms which were divided into three categories: 
true pathogens, wound pathogens, and commensal organisms. Lyons concluded that the 
local application of sulfonamides is definitely injurious. He advocated thorough débride- 


ment (not ‘‘wound trimming’’), proper wound splinting, and the systemic use of the proper 


drug for the particular pathogens encountered, 


Major Robert P. Kelly discussed the experiences which he and his colleagues, Captain 
Louis M. Rosati and Captain Robert A. Murray had had with The Treatment of Traumatic 
Osteomyelitis. They advocated early excision of the diseased tissue with a temporary 
covering by means of a dermatome graft. This temporary repair could be followed by 
a pedicle graft at a later date. 


Walter C. G. Kirchner outlined his method for The Treatment of Chronic Osteomy- 
elitis and Deep-Seated Infections by the Employment of an Epithelized Sinus or Drainage 
Channel. He pointed out that such infections were cleared up most readily when open 
drainage was effected. To accomplish this, he advocated the creation of channels down to 
the site of infection. By keeping these channels open with dilators, he allowed the con- 
tiguous epithelium to grow down into the drainage tract. He found that these epithelial- 
lined drainage channels assured direct, prolonged drainage, and relieved tension. He has 


found that as the healing process takes place the channel closes. 


Guy A. Caldwell presented his method for The Repair of Bone Defects Associated 
With Chronic Osteomyelitis. He advocated the removal of all sear tissue and ebonated 
bone to the extent that all remaining tissue had a healthy blood supply. He then employed 
muscle grafts to fill the cavities and these were, in turn, covered by skin. In twenty-one 
cases of localized osteomyelitis treated by this method, 81 per cent healed per primam, and 
63 per cent remained healed. In twenty-two cases of hematogenous osteomyelitis, 81 per 
cent healed per primam and 63 per cent remained healed for a period of observation rang- 
ing from five to twelve months. Caldwell gave a clear description of the pathology in- 
volved in osteomyelitis, and pointed out the necessity of removing all infected tissue and 
scar, as well as all sclerosed bone. 


George D. Lilly advocated lumbar sympathetic ganglionectomy as a preliminary pro- 
cedure before doing an obliterative endo-aneurysmorrhaphy upon Aneurysms of the Lower 
Extremity. He explained that sympathectomy was a quick and efticient method of estab- 
lishing adequate collateral blood supply to an extremity, even in individuals with advanced 
arteriosclerosis. He reported four cases in which major vessels had been occluded in elderly 
people with no evidence of impaired circulation or function. 


Colonel D. C. Elkin discussed Cirsoid Aneurysms. He called attention to the fact 
that trauma to a pre-existing telangiectatic area frequently is the cause of cirsoid aneu- 
rysms. For this reason, such lesions have been observed more frequently during wars. 
Several personal cases were presented and their treatment described. Elkins has found 
that in treating this type of lesion in the scalp, the best results can be obtained by ligating 
the superficial temporal artery, turning down a scalp flap, opening the gala, and excising 
the vascular mass from the underside. He illustrated excellent results from the use of 
this method. 


John J. Pemberton reported a case of Traumatic Arteriovenous Fistula Involving the 
Abdominal Aorta and the Vena Cava. With the assistance of Philip H. Seefeld and Nelson 
W. Barker he was able to repair this defect by a transvenous approach. The patient was 


a 28-year-old man, who had received a gunshot wound seven years previously. Hemostasis 
was obtained by digital compression of the aorta, and the fistula was sutured with silk. 
This is the first successful case of this type to be reported. 
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Lieutenant Colonel Michael E. DeBakey analyzed the incidence and results of 2,453 
Vascular Injuries in the United States Army During World War II. DeBakey’s study 
contains a wealth of statistical data which will be of great value in further studies per- 


taining to vascular injuries in warfare. 


A Symposium dealing with the Newer Concepts in the Treatment of the Paralyzed 
Patient Due to Wartime Injuries of the Spinal Cord was presented by a group of Army 
surgeons. 

Colonel David H. Poer outlined a plan for the management of this type of case and 
described the results of nutritional studies. Poer reported that there were 13,000 such 
vases in the Army. His group had had seventy-seven cases at the Newton D. Baker Hos- 
pital, and in this series one-fifth of the injuries were in the cervical region, 30 per cent 
were in the cauda equina, 38 per cent were complete, and 62 per cent were incomplete. 
When these patients were admitted to general hospitals, 74 per cent had developed emacia- 
tion with an average weight loss of forty pounds. Most of them had secondary anemia, 
and 46 per cent were in negative nitrogen balance; 57 per cent had decubitus ulcers. In 
accordance with specific Army regulations, all of them had had suprapubic cystotomies 
done; 57 per cent had had laminectomies. In his series there was one death. Each of his 


seventy-six remaining patients was able to sit in a chair within one month after admission, 


Lieutenant Colonel Charles W. Elkins and Major Walter R. Wegner described the 
neurosurgical management of these patients. Twelve still had foreign bodies in the spine. 
These were removed. There was no evidence of improvement after the removal, but the 
patients did not get any worse. It was felt that the formation of additional sear tissue 
was avoided by removing the foreign bodies. Many patients were subjected to operation 
because of pain. Spinothalamie caudotomy was of value. A great deal of difficulty was 
experienced with uncontrollable spinal reflexes. He classified these reflexes as being flexion, 
extension, reflex stepping, and crossed reflexes. They found that the level of the injury 
had no bearing upon the nature of these reflexes, except that cauda equina lesions were 
always flaccid. They found that extensor reflexes were frequent in incomplete lesions. 
They employed anterior rhizotomy in some of the more severe cases. 

Major Boris P. Petroff discussed the use of Streptomycin in the Treatment of Urinary 
Infections in Paralyzed Patients. He advocated the surgical treatment of caleuli and ab- 
scesses, and found that streptomycin was of great value in the treatment of some of the 
more prevalent gram-negative bacilli infections. He found that some of these organisms 
developed resistance to streptomycin, but their pathogenicity was reduced by the drug. 


Captain Donald E. Barker discussed these seventy-seven cases from the standpoint of 
the plastic surgeon. He found that decubitus ulcers were a major problem, and described 
his technique for repairing them. 

Admiral Winchell M. Craig, in discussing these presentations, stated that the Navy 
was doing a transurethral resection of the internal sphincter of the bladder with good 
results in many cases of paralysis. 

Captain Robert L. Payne, Jr., and Captain Darrel Shaw described The Repair of 
Surface Defects of the Upper Extremity. They stressed the importance of repairing skin 
defects first and then repairing injuries to the bone, tendons, and nerves after healing had 
taken place. They made extensive use of abdominal skin flaps and stressed the impor- 
tance of accurate and complete closure of all tube flaps, in order to avoid infection. Photo- 
graphs of many patients were used in demonstrating technique and exhibiting results. 


Lieutenant Colonel T. G. Blocker described The Use of Cancellous Bone in the Repair 
of Defects About the Jaws. He called attention to the great increase in the incidence of 
bony injuries of the face and jaws in World War II, as compared with World War I, and 
advocated the use of pure cancellous bone from the ileum in repairing such defects because 
he has found that the rate of bony regeneration is inversely proportioned to the density 
of the bone used. He described the use of this material in 457 injuries, 
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John Staige Davis compared Plastic Surgery in World War I and World War II. 
He found that no new principles had been devised in either war, but that the vast abun- 
dance of clinical material enable plastic surgeons to improve and perfect their technique. 
He found that military organization for adequate, competent treatment by well-trained 
experts working in highly specialized centers had made this work much more valuable in 
World War II. He pointed out that the attention paid to psychologic problems in plastic 
surgery problems in this war had been of great value. 


Charles S. Venable and Walter G. Stuck advocated Muscle Implant in the Treatment 
of Non-articular Hypertrophic Arthritis of the Hip. The clinical picture and pathology of 
aseptic necrosis of the head of the femur was described, and their method of cutting a 
slot in the front surface of the greater trochanter and neck of the involved femur was 
illustrated. A muscle flap from the vastus lateralis was transferred into this bony slot. 
They believe this establishes a new blood supply to the ischemic bone. In twenty-six of 
their twenty-seven cases, all pain was relieved. 


Albert Key discussed the use of Bunnell’s Pull-Out Wire Sutures for the Fixation of 
Tendons. He illustrated the use of stainless steel wire as a pull-out suture, as first de- 
scribed by Bunnell in 1934. He believes that this method has a great advantage in tendon 
suture because the suture material is strong, flexible, and can be removed in four weeks 
leaving no foreign body in the tendon. 


William H. Prioleau described Muscle Flap Closure of Cavities Resulting From Lung 
Abscesses. He felt that such procedures should be carried out in multiple stages. Catheter 
drainage should be employed, the remaining cavity should be unroofed, then the residual 
cavity and the associated bronchial fistula should be closed by transplantation of muscle 
flaps. Nine personal cases were described. 


Lieutenant Colonel Brian Blades reported The Cases of Mediastinal Tumors Treated 
at Army Thoracic Surgery Centers in the United States. Of the 107 cases studied, 23 were 
bronchogenic mediastinal cysts; 17 were benign teratomas; 6 were tumors of thymic origin; 
21 were benign neurogliomas; 1 was a malignant neurosarcoma; 7 were unclassified cysts; 
1 was a thyroid adenoma; 1 was a tuberculoma; 3 were Hodgkin’s granuloma. In this 
series there were no operative deaths. Blades feels that opening the chest to establish 
definite microscopic diagnosis is a safe and justifiable procedure. He does not approve of 
the use of x-ray therapy as a therapeutic test. 


Isidore Cohn read a paper on Dyschondroplasia. The embryology and clinical picture 
of this hereditary developmental disease was described, and several cases from a single 
family were presented. 


Donald Guthrie and Gerard Gagnon discussed The Prevention and Treatment of Post- 
operative Lymphedema of the Arm. They reviewed a series of 100 breast operations, in 
which 46 patients had axillary metastasis. In this series there were 8 patients with lymph- 
edema, treated by the subcutaneous insertion of celloidin strips. These were left in place 
for from five to six weeks and they seemed to aid in the development of new lymph chan- 
nels. There was a marked improvement in the lymphedema of the arm. 


Francis M. Massie advocated Refrigeration Anesthesia for amputations. He pointed 
out that with refrigeration, amputations can be deferred indefinitely until the patient can 
be properly prepared for surgery. A motion picture was shown to illustrate the use of 
this method. 


Colonel R. Glen Spurling and Lieutenant Colonel Barnes Woodhall described their 
Experiences With Early Surgery in Peripheral Nerve Injuries. Seven thousand end-to-end 
nerve sutures have already been reported in World War II. It is too soon to evaluate the 
final results, but it would appear that the best results are obtained when repair is carried 
out within three weeks after injury. In this series 91 per cent showed some evidence of 
regeneration. 
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Cobb Pilcher described the Radical Extirpation of Vascular Malformations of the 
Brain. He explained that removal of such lesions had always been looked upon with dis- 
favor because of the poor results. He believes, however, that if lesions are small and 
localized, and the symptoms are severe, operation is indicated. Three successful cases 
were presented. 

Ernest Sachs presented an Analysis of Brain Abscesses Observed in the Past Thirty 
Years. His series contained 142 cases; 128 of these patients were operated upon and 59 
of them were cured. He advocated conservative treatment until a capsule is formed, and 
then complete excision. 

Edgar F. Fincher also advocated The Surgical Treatment of Brain Abscess by Com- 
plete Removal. He presented five personal cases showing the value of this procedure. 

J. M. Emmett and M. L. Dreyfuss discussed Malignant Tumors of the Small Bowel. 
The literature of this subject was reviewed, and two personal cases were reported. 

Howard Mahorner described a plan for Restoration of Continuity After Resection of 
the Rectum. He pointed out that a satisfactory anterior resection with restoration of 
continuity can be carried out when the lesion is 8 em. or more above the anal orifice. For 
those at a lower level he advocated their removal through a posterior oblique incision 
following mobilization from above. 

Robert L. Rhodes presented Further Observations Upon Imperforate Anus. He ob- 
served that about 500 infants with this abnormality are born in the United States each 
year. Rhodes pointed out that such a condition is not an emergency procedure in the 
newborn infant, because the bowel content is relatively sterile. He advocated a twenty- 
four to forty-eight hour delay, and then x-ray in an inverted position. This affords a good 
visualization of the lower bowel. Surgical repair can be undertaken with considerable 
ease. Four personal cases were reported. 

Frank S. Johns discussed Defects of the Abdominal Wall in the Newborn. The em- 
bryology was reviewed and the medical literature was analyzed. His own successful case 
was described in detail. 
R. L. Sanders considered The Indication and Value of Choledochoduodenostomy. He 
reported 25 personal cases, 16 of the patients alive and well from one to twenty-five years 
after surgery, with no evidence of infection. 

Vernon C. David described his Experiences in Subtotal Resection of the Pancreas for 
Hypoglycaemia. When such patients were operated upon and no tumor was found, a sub- 
total resection was done. Thirty-six cases were reviewed; 63 per cent of the patients were 
cured, 31 per cent were improved, and 6 per cent died. 

E. Dunbar Newell reported Forty-Eight Consecutive Cases of Gangrenous Suppurative 
Appendicitis With Removal of the Appendix and Complete Closure of the Wound Without 
a Death. 
Guy L. Hunner asked the question, Is Urethral Stricture an Etiological Factor in the 
Genesis of Renal Tumor? He reported several cases of kidney tumor associated with 
urethral strictures. 

Dr. William E. Lower will publish A Clinical Report of Cases of Urethral Trans- 
plantation Done More Than Fifteen Years Ago. 

Frank W. Smythe discussed Malignancies of the Female External Genitalia. 

W. O. Bullock advocated Vertical Traction: An Aid in the Surgical Management of 
Certain Massive Tumors. Bullock described a most interesting case of an enormous neuro- 
fibroma in which overhead pulley traction was used. An illustrative moving picture was 
shown. 

Joseph A. Danna described The Treatment of Sebaceous Cyst by Electrosurgical 
Marsupialization. He advocated fulgurating the skin over the cyst in a small area and 
then allowing the cyst to drain, 
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FIRST GENERAL MEDICAL MEETING AT DE WITT 
GENERAL HOSPITAL 


LIEUTENANT COLONEL AMBROSE H. StorckK,* Merpicat Corps, 
ARMY OF THE UNITED STATES 


HE First General Medical Meeting at De Witt General Hospital, Auburn, Calif., was 

held Sept. 14 and 15, 1945. This hospital is a vascular center and a neurosurgical 
center and, in addition, has active general surgical, orthopedic, and other surgical sections. 
Major Donald C. Malcolm acted as chairman and introduced the speakers. <A_ total of 
forty-one subjects were presented by guest speakers and members of the hospital staff. 
The material presented by members of the De Witt staff was based chiefly on recent work 
and observations. Abstracts of the thirty-five presentations which were of surgical 


significance are given in this report. 


Lieutenant Colonel Ambrose H. Storck, De Witt General Hospital. Organization and 
Operation of a Vascular Center.—The vascular center at De Witt General Hospital is one 
of three such centers established to furnish highly organized facilities for the study and 
treatment of diseases and injuries of the vascular system, particularly the peripheral 
blood vessels, occurring in both Zone of Interior and overseas casualties. In order to 
accomplish the intended purpose, medical ofticers equipped by training and experience 
in the investigation and management of vascular disorders were assigned to the staff. 
Nurses and technicians were trained locally to meet the special requirements. The center 
is composed of a surgical vascular section and a medical vascular section. Directly 
admitted to the surgical section are those patients with lesions which will likely require 
operative procedures, including arterial aneurysms, arteriovenous fistulas, gangrenous and 
other open lesions of vascular origin, varicose veins, hemangiomas, and patients with acute 
venous thrombosis. Patients admitted initially to the medical section include those with 
nonulcerative vasospastic and obliterative arterial disease, peripheral edema, and chronic 
thrombophlebitis. Ward rounds and conferences on both surgical and medical sections, 
attended by all concerned personnel, provide for exchange of thought and afford frequent 
opportunities for selecting patients to be transferred from one section to the other. 

A dry clinie conducted once a month serves as a means of presenting to all interested 
members of the hospital staff the newer developments and the work in progress in the 
field of vascular lesions. A weekly ‘‘neurovascular’’ conference is held with members of 
the neurosurgical section for the purpose of considering cases and problems of combined 
vascular and neurologic interest. 

A constant temperature room, skin-temperature recording apparatus and other 
appropriate recording apparatus, and special supplies required in the study of vascular 
disease are available. Operating room special equipment includes pneumatic tourniquets; 
Bethune tourniquets threaded and padded with split rubber tubing, for direct arterial 
compression; a manometer for directly measuring intra-aneurysmal and intravascular 
pressure; a sterile stethoscope for auscultation during operation; and special dissectors, 
forceps, and lights. Two oscillating beds have been used to advantage on several occasions, 
both before and after operation. 

A total of 1,269 patients had been admitted to the vascular center by Sept. 1, 1945, 
and up to that time 258 operations had been performed, ineluding 70 for aneurysms and 
arteriovenous fistulas, 50 sympathectomies, 54 vein ligations, and 37 toe amputations in 
trench foot cases. There have been no deaths, and no instance of postoperative gangrene, 
the latter result being attributable to the attention which has been given to the study, 
development, and maintenance of collateral circulation. No mechanical anastomosis 
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devices have been used. Experiences at this center have demonstrated a more than 
usually accepted possibility of restorative suture and preservation of the continuity of 
both arteries and veins involved in aneurysms and arteriovenous fistulas. Simultaneous 
ligation of veins accompanying arteries which must be ligated or otherwise occluded 
has not been a practice. When feasible, arteries have been ligated just beyond the 
nearest proximal branch. The success with which restoration of arteries and veins can 
be accomplished without subsequent thrombosis, even though no anticoagulants are used, 
has been striking. 

In addition to the main purpose which this vascular center has served in caring 
for patients, the training of medical ofticers who previously were only slightly acquainted 
with the management of vascular problems has been a very important by-product. 
Familiarity with methods of examination and treatment in vascular diseases was gained 
by those regularly assigned staff ofticers who were rotated through the various sections 
of the surgical service, instruction was given to temporarily assigned recent medical 
school graduates who had just completed their training at the Medical Field Service 
School at Carlisle Barracks, and refresher type training was provided for medical officers 
from other stations who were temporarily assigned to De Witt General Hospital. At 
least three medical officers have, as a result of their training and experience here, been 
developed to the point where they are capable of caring for complicated vascular lesions 
and of independently performing major vascular operations. 

In addition to clinical observation in cases in which the various practices already 
referred to have been followed, special investigative work has been done on_ basal 
vascular tone and studies have been conducted on collateral circulation by a fluorescin- 


ultraviolet light method. 


Major John W. Waller, De Witt General Hospital: Obliterative Peripheral Vascular 
Disease.—Discussion of the incidence, diagnosis, and treatment of arterial obliterative 
lesions was given to show that arteriosclerosis obliterans and Buerger’s disease are rela- 
tively common, that they can be diagnosed in their early stages by simple clinical methods, 
and that they are amenable to therapy. Arteriosclerotic disease of the extremities has 
been found in many young people between the ages of 20 and 40 years, and is occurring 
with increasing frequency in the general population. Buerger’s disease is more common 
than has been suspected, with a large group occurring in the late forties. Intermittent 
claudication is diagnostic of arterial insufticiency. Sudden onset of coldness with pallor 
is very suggestive. Superficial phlebitis usually means Buerger’s disease. Physical 
examination of the pulses is easy and helpful. Reactive hyperemia test for small blood 
vessel obliteration was described. Diagnosis of Buerger’s disease rests on uneven distribu- 
tion of the arterial lesion and the presence of superficial migrating phlebitis. The wide 
racial distribution with no predilection was shown statistically. 

Patients with Buerger’s disease must stop smoking. If the limb is cold, sympathec- 
tomy will help. If surgery is contraindicated, intravenous typhoid vaccine therapy is 
used. In any obliterative arterial disease the care of the feet is most important and 
the body should be kept warm to prevent vasoconstriction, 


Captain T. B. Massell, De Witt General Hospital: New Method for Testing Collateral 
Circulation.—Before ligating a major artery at the time of operation for excision of 
traumatic aneurysm, it is necessary to be sure that there is adequate collateral circulation. 
Clinical observation and the location of the lesion give some clue to the state of collateral 
blood supply, but a more definite test is necessary. 

The collateral circulation test based on the time of color return after compression 
with an Esmarch bandage has been used, but has been found to give variable results. 
Consequently, a new test for collateral circulation has been devised, based on Neller and 
Schmidt’s wheal fluorescence. With the aneurysm tightly occluded by a Matas clamp, 
a series of parallel scratches about 8 cm. apart is made both on the involved extremity 


and on the one opposite. Ten cubic centimeters of 10 per cent of fluorescin are injected 
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into an arm vein and the level of wheal fluorescence is examined by filtered ultraviolet 
light. With adequate collateral circulation, the lowest level of fluorescence on the 
involved extremity should be not more than 8 cm. higher than on the normal extremity. 

Twenty-three patients with traumatic aneurysms have been examined by this tech- 
nique. Sixteen have had operative excision of the aneurysm, four have had plastic 
restoration of the artery involved, and twelve have had ligation. Nine patients with 
arteriovenous aneurysm and one with a simple arterial aneurysm had good collateral 
circulation before operation, both by the fluorescin wheal and the ordinary collateral 
circulation test. Four of these had inadequate collateral supply by one or both tests 
when first observed. All four had lumbar sympathectomy performed, following which 
the collateral circulation became adequate. 

Two patients had inadequate collateral circulation by the fluorescin wheal and 
ordinary tests but, at the time of operation, in each case a large arterial branch which had 
been occluded by the Matas clamp in performing the examination was found close to the 
aneurysm. 

On the basis of these preliminary studies, wheal fluorescence seems a somewhat 
more reliable test for collateral circulation than the older collateral time test. 


Lieutenant E. W. Rector, De Witt General Hospital: Basal Vascular Tone as an Indica- 
tion for Sympathectomy.—The need for adequate collateral blood supply in surgical lesions of 
arteries and the advantages of sympathectomy as an adjunct to surgical procedures on the 
vessels were discussed. Reference was made to Naide’s method of determining basal vascular 
tone, and the method was described in detail. An attempt was made to evaluate this 
test as a criterion for sympathectomy. Patients showing high vascular tone were con- 
sidered suitable for sympathectomy since they were least apt to develop an adequate 
collateral supply without this procedure. Marked improvement in the development of 
collateral circulation after sympathectomy was noted in patients with arterial lesions. 

Six of seven patients with Raynaud’s disease on whom the basal vascular tone was 
determined had high tones. Out of thirteen patients with trench foot, nine showed high 
tones. In twenty-two cases of Buerger’s disease, fourteen had high vascular tone. In 
the thirty-nine cases in the aneurysm and arterial ligation group, twenty-three or 59 
per cent had high tones according to the test. However, three more had definite clinical 
evidence of high vascular tone, but according to the test were in the low tone group. 

It was concluded that the test alone could not serve as the sole basis for selection 
of cases for sympathectomy. It was found necessary to consider the clinical findings 
together with the test in order to come to a more accurate conclusion regarding the 
necessity of sympathectomy. 


Major A. A. Koepsell, De Witt General Hospital: Phlebography in Deep Venous 
Obstruction.—Performance of phlebography involves the following elements and con- 
siderations: (1) ocular test for sensitivity to diodrast, (2) oral test for sensitivity to 
diodrast, (3) simultaneous exposures of leg and thigh films after injecting 15 ¢.c. of the 
contrast medium, (4) manual pressure or tourniquet about the distal portion of the leg in 
order to insure that the dye enters the deep venous circulation, (5) tourniquet over the 
proximal portion of the thigh to be released just before the film of the lower pelvis and 
upper thigh is exposed, (6) a tourniquet in the axilla or pressure in the supraclavicular 
region before injecting dye for phlebograms of the upper extremities. 

Slides of phlebograms demonstrating the following were shown: (1) severe varicose 
veins with a normal deep circulation in the leg, thigh, and pelvis; (2) obstruction of the 
popliteal vein with the formation of extensive collateral circulation; (3) development of 
extensive collateral circulation after ligation of the deep femoral vein for phlebothrombosis 
following cellulitis of the foot; (4) deep venous obstruction after excision of a popliteal 
arteriovenous aneurysm; (5) deep venous obstruction and collateral formation after liga- 
tion of the posterior tibial artery and vein following a gunshot wound; (6) patent deep 
venous system after repair of popliteal vein following excision of popliteal arteriovenous 
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aneurysm; (7) obstruction of axillary vein following an attempt at repair after excision 
of an arteriovenous fistula; (8) patent axillary vein following excision of arteriovenous 


aneurysm with repair of the vein. 


Major Norman E. Freeman, De Witt General Hospital: Treatment of Arteriovenous 
Aneurysm.—Before excision of aneurysms and arteriovenous fistulas, careful investigation 
must be made to be sure that the collateral circulation is adequate to preserve the 
nutrition of the tissues. At the time of operation, when the lesion has been exposed, 
additional tests are needed to determine the efticacy of the collateral circulation after the 
main arterial supply has been cut off. Direct measurements of the pressure within the 
sac have been made at the time of operation in fourteen patients with arterial aneurysms 
and arteriovenous fistulas. These measurements have been useful in evaluating the 
extent of the collateral circulation. The mean initial pressure in arterial cases averaged 
97 mm. Hg. With temporary obstruction of the afferent artery the pressure fell to 60 
mm. Hg. The lowest level observed which was compatible with adequate circulation was 
38 mm. Hg. No disturbances of tissue nutrition were encountered. In arteriovenous 
fistulas the mean initial pressure was 46 mm. Hg. With temporary occlusion of the 
afferent artery the pressure fell to 15 mm. Hg, illustrating the catastrophic effects to 
be expected from ligation of the proximal artery in this condition. Subsequent occlusion 
of the component veins caused a prompt rise in pressure to 86 mm. Hg in one patient. 
This level of pressure shows how adequately the collateral circulation is developed in 
cases of arteriovenous fistulas. 

The classical method of quadruple ligation with excision of the fistula has been 
employed in forty-six patients with arteriovenous fistulas. In eleven, restorative aneu- 
rysmorrhaphy was performed by suture of the arterial defect after excision of the 
fistulas. Success of the repair has been demonstrated by oscillometric readings or by 
arteriography in each ease. 


R. Stanton Sherman, San Francisco: Anatomical Considerations and Treatment of 
Varicose Veins.—The anatomy of the deep and superficial veins of the thigh has been 
studied in 137 anatomic and 703 surgical dissections. The saphenous vein is found to 
consist of two components, one of which runs part of its course beneath the deep fascia. 
The two veins unite at, or shortly below, the saphenofemoral junction. The subfascial 
component is connected with the femoral vein by three main perforating veins—one from 
the mid-portion of Hunter’s canal, one from beneath the sartorious muscle, one from the 
medial geniculate plexus. Although anatomic variations are common, all arrangements 
fit into one of four definite plans. It has been found that accessory perforating veins of 
the thigh may emerge into the superficial fascia without making direct connections with 
the main saphenous system. The short saphenous vein may be connected with the deep 
component of the long saphenous and the genicular plexus. 

On the basis of the anatomic findings a new operative procedure has been developed. 
Varices below the knee are thoroughly sclerosed by local injection previous to operation. 
The usual high saphenous vein ligation is performed along with dissection of the upper 
tributaries. Retrograde injection is made of a small amount of sclerosing solution. With 
the aid of a Mayo vein stripper the deep component of the saphenous vein is dissected 
down to each perforator. The latter are followed to the femoral vein and excised in- 
dividually. 

Convalescence is more comfortable than after simple high ligation with retrograde 
injection. Patients become ambulatory in twenty-eight hours and leave the hospital in 


2.8 days, on the average. 


Howard C. Naffziger, San Francis;o: General Considerations in Spinal Cord Injuries. 
—tThere are many ways in which civilian spine injuries compare with the wounds seen 
in military practice, yet there are points in which they differ. Spinal cord traumatic 
effects vary from very slight ones to completely disabling ones. Spontaneous repair 
of true spinal cord injuries does not occur, nor is surgical repair possible. Patients with 
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complete motor and sensory paralysis caudal to the site of injury for longer than forty- 
eight hours have little chance of recovery. However, there may be complete paralysis 
without destruction of the cord. Recovery may occur when the lesion is due to edema. 
Operative intervention is seldom indicated except to remove foreign bodies or bony 
fragments. Laminectomy to remove impinging bone fragments or foreign bodies should be 
performed after compensating for initial shock. There is no known method of repairing 
the cord by inserting homogenous grafts. Sedulous nursing care to prevent decubitus 
ulcers is imperative. Ascending genitourinary infections are prevented by providing early 
adequate urinary drainage. Paraplegic patients succumb to the effects of these latter 
conditions more than to any others. 


Captain Rudolph W. Zeigler, De Witt General Hospital: Immediate Care of Spinal 
Cord Injuries.—A series of forty-one cases is reviewed and the plan of treatment discussed 
in accordance with the following outline: 

1, First-aid Treatment: This includes examination to determine level of injury and 
extent of dysfunction, which will serve as a basis for comparison with later findings; 
immediate care of the wound and control of hemorrhage; the administration of analgesic 
drugs; provisions for safe transportation to prevent further injury; and the recording 
of accurate notes to accompany the patient. 

2. Second Phase of Early Care: This includes measures directed toward prevention 
of decubitus ulcers, care of the paralyzed bowel and bladder, and institution of replace- 
ment therapy when necessary. 

3. Selection of Patients for Operation: Decision concerning the advisability of 
operation is dependent more upon the presence or absenc> of block to spinal fluid circula- 
tion than upon the degree of involvement of the spinal cord as evidenced by neurologic 
examination. Regardless of the degree of functional impairment of the cord, exploration 
should be undertaken if there is any degree of block. -Aside from indications for operation 
based on the presence or absence of block, operation should be performed if there is 
x-ray evidence of pressure upon the cord by displaced bone or a foreign body. 


Major F. H. Benteen, De Witt General Hospital: Surgical Treatment of Decubitus 
Ulcers in Paraplegic Patients.—A high proportion of patients with spinal cord injuries 
incurred in warfare present a sacral decubitus, or ulcers over the femoral trochanters. 
From the standpoint of general care, these patients require an adequate dietary intake of 
iron and accessory vitamins to correct the hypoproteinemia, anemia, and avitaminosis that 
exists. Laboratory aids used have consisted of hemoglobin, hematocrit, and blood 
protein studies. Adequate nursing care with frequent turning of the patient is of 
paramount importance in preventing decubiti. Treatment of decubitus ulcers has con- 
sisted of mechanical excision of sloughing tissue and chemical débridement with Dakin’s 
solution. Postage-stamp grafts have been utilized occasionally to close a sacral decubitus. 
Sacral decubiti may be eradicated by excision, followed by widespread mobilization of 
adjacent skin and subcutaneous tissue, and suture. A sacral decubitus measuring more 
than 5 by 10 em. may require flat pedicle grafting accomplished in stages. Smaller 
decubiti over the greater trochanters may be excised, and skin and subcutaneous tissue 
mobilized to effect closure. For extensive undermined hip ulcers, it is usually necessary 
to rotate an adjacent flap to cover the defect and to graft the donor site. It is felt that 
penicillin is an aid during the period of wound healing. 


Lieutenant Elwyn S. Shonyo, De Witt General Hospital: Ambulation of Paraplegic 
Patients.—Early in World War II, Army neurosurgical centers began to develop programs 
whereby paraplegic patients are made self-reliant and are taught to walk with aid of 
leg braces and crutches. 

The length of the preambulatory period depends primarily upon three factors, namely, 
the location and severity of fractures of the weight-bearing structures of the spine, the 
presence of ascending urinary tract infections; and the severity of decubitus uleers. The 
presence of decubitus ulcers does not necessarily prevent ambulation. 
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Ambulation is usually started about three months after the initial injury and the 
program is carried out in four stages, namely: (1) Bed calisthenics and weight-lifting 
exercises are given daily, in graduated amounts, to each patient. (2) The patient is 
placed in a wheelchair where he becomes accustomed to vertical posture. (3) Walking 
exercises are started with the aid of stiff leg braces using parallel bars for control 
and support. (4) The patient learns to walk with the aid of crutches. 


The extent to which the average patient will use braces and crutches for outside 


activities after release from hospital care remains to be determined. 


Major Donald C. Malcolm, De Witt General Hospital: Urologic Care of Paraplegic 
Patients.—Karly measures to prevent urosepsis at the time the patient is most susceptible 
include uptilting of the torso; turning of the patient every two hours; maintenance of urine 
specific gravity at less than 1.015; administration of sulfadiazine, 1 Gm. three times a day 
for the first week, the dose being decreased the next week, and repeated if necessary; 
administration of 100,000 units of vitamin A daily; and provision of a high protein diet 


with only modrate milk intake. 


Manual expression of urine by suprapubic pressure every three to four hours may 


be performed during the first few days for patients with cord shock. A suprapubic tube 
inserted in the vertex of the bladder, and tidal irrigation, assure better progress for the 
more involved cases. The time for removal of the suprapubic tube varies from a few 


weeks to over one year. Tidal irrigation aids recovery of reflex voiding. If vesical tone 
is greater than sphincter and tissue resistance, patients usually void. Probably little 
benefit is to be derived from presacral neurectomy. Division of the pudendal nerve may 
relax some perineal muscular resistance. Revision of the vesical orifice serves to remove 
some tissue resistance. Furmethide, a furfural product, is of some aid in increasing 
vesical tone. 


Lieutenant Colonel Ambrose H. Storck, De Witt (General Hospital: Vocational 
Rehabilitation of Paraplegic Patients.—Practically no battle casualties with paraplegia 
will be able to resume their former civilian occupations, and their physical disabilities 
greatly limit them in developing new vocations or occupations. The emotional disturbances 
resulting from their incapacities add to the difficulty of rehabilitating these patients. 


The general mental readjustment, the development of new interests, and the learning 
of new skills or other occupations which are necessary in reacquiring a feeling of 
economic security and independence as well as a feeling of self-importance should begin 
as soon as possible following injury. The necessarily prolonged hospitalization of para- 
plegie patients in Army General Hospitals requires that the rehabilitation process be 
at least started in such hospitals. 


To assist patients in finding themselves and in selecting new vocations and 
occupations in keeping with interest, skill, and mental capacity, an interviewing and 
testing program was established. The patient’s civilian occupation is considered; his 
Army general classification test given at the time of his entry on military duty serves 
as an index of pretraumatic intelligence; a Kuder preference record is made to gain insight 
into interests; an Otis self-administered classification test furnishes additional data con- 
cerning intelligence; a MacQuarrie mechanical aptitude test is employed to reveal aptitude 
and dexterity; a Rorschach psychodiagnostic test (group) is used to indicate personality 
features; and practical ‘‘test’’ classes are given in art, plastics, jewelry making, wood 


carving, and ceramics. 

On the basis of interviews and tests the patients are given instruction and afforded 
other facilities which enable them to pursue their interests, skills, or other vocational 
desires. In addition to instruction in arts and crafts, educational programs include general 
academic, typing, and small business accounting. As a part of the general education and 
orientation provided, authoritative talks by well-informed speakers have been given or 
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requested on the following subjects: Postwar California, Commercial Art, Plastics, Office 
Engineering, Taxidermy, Lapidary Work, Saddlemaking, Bookkeeping for Small Business, 
Business Trends in California, Retail Outlets for Homemade Articles, Experience Stories 
by Handicapped Persons, and General Economic and Social Problems. 

In addition to the medical ofticers of various sections, cooperating members or 
departments of the hospital staff include the counseling officer, the orientation and educa- 
tion department, the occupational therapy staff, and the psychologist. 

Outside agencies which have assisted in the program at De Witt General Hospital 
include Placer College and High School, which has supplied teachers; California Veteran’s 
Committee, which has taken an interest in the matter of making contacts and sponsoring 
appropriate legislation; the Sacramento Junior Chamber of Commerce, which has furnished 
speakers; the California State Personnel Board, the California Board of Equalization, and 
the California Department of Public Works which have been concerned with the matter 
of jobs. 

Funds for the purchase of special instruments and equipment necessary in training 
for various crafts have been made available through interested individual donors. 

In conjunction with physical rehabilitation and purely recreational activities, voca- 
tional rehabilitation has resulted in transformation of paraplegic patients from a state 
of listlessness, discouragement, and dejection, to one of animation, interest, hopefulness, 
and as much happiness as could well be expected. 


Alton Ochsner, New Orleans: Surgical Treatment of Empyema.—Treatment of 
empyema can be divided into prophylactic and active therapy. Prophylactic treatment 
concerns principally the prevention of contamination during thoracic operations, along 
with preoperative and postoperative chemotherapy. Active treatment consists of chemo- 
therapy, relieving intrathoracic pressure, evacuating pleural exudate, preventing chronicity, 
and reestablishing function in the lung. In prophylactic as well as active treatment 
penicillin is used both systemically and locally, whereas sulfonamides should be used 
only systemically. Because of loss of nitrogenous substances in pleural exudate, diet 
should be rich in proteins. Important also is the prevention of anoxia. Pleural effusions 
on the right side are likely to kink the inferior vena cava and cause cardiovascular 
manifestations. 

Evacuation of intrapleural exudate should be accomplished as early as_ possible. 
In synpneumonic empyema, repeated aspiration combined with chemotherapy is the proper 
treatment but if symptoms do not subside promptly more radical therapy is necessary. 
Closed drainage may be used early. Its advantages are that it re-establishes normal 
relations in the thorax, favors lung re-expansion, and facilitates irrigation of the cavity. 
Disadvantages of closed drainage are the constant supervision required, the likely inade- 
quacy and chronicity thereby favored, and the danger of intramural infection. In most 
cases of metapneumonic empyema, open drainage is desirable. Advantages of open 
drainage are adequate evacuation of intrapleural exudate, with resulting lessening of 
danger of chronicity, and little supervision required. Disadvantages of open drainage are 
that open pneumothorax results, re-expansion of the lung is not favored, and deformity of 
the chest may follow. In performing open drainage a good portion of two ribs and the 
intervening intercostal bundles should be removed. 


Captain F. W. Rhinelander, Hammond General Hospital: Surgical Reconstruction of 
Arthritics—Rheumatoid arthritis is obviously a medical disease, and must be under the 
primary care of an internist. The orthopedist can do considerable during the course of the 
disease to prevent deformities, and sometimes to lessen them, without recourse to surgery. 
But despite the best conservative treatment, when the disease becomes advanced, certain 
crippling deformities may develop. Those patients who have advanced forms of the 
disease do not expect to be cured. But they are very grateful if something can be done 
which makes their lot easier—reduces the pain which they have when attempting to 
carry out their daily activities. 
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Certain operative procedures were discussed. In the foot, resection of the metatarso- 
phalangeal joints yields best results when all four lateral joints are fully excised, plus 
resection of the base of the proximal phalanx of the great toe. Other occasionally valu- 
able operations are triple arthrodesis of the foot, arthrodesis of the ankle or knee, 
synovectomy of the knee, arthrodesis of the shoulder. Capsulotomy of the small joints 
of the hands cannot give greatly improved motion, but it can make a patient better able 
to wring out her washing. Rather than arthrodesis of the wrist, it is generally better to 
manipulate the painful and stiff wrist into good position, and hold it in plaster until it 
fuses. Arthroplasty or excision of the elbow gives excellent results, the latter more 
frequently because it eradicates more diseased tissue. Simple excision of the radial head 
may lead to increased rotation and decreased pain. 

Some cases in which Smith-Petersen had performed vitallium cup arthroplasty of 
the hip, and osteotomy of the articular facets and laminae of the spine, were presented 
with lantern slides. These procedures are valuable even if they do no more than make a 


bedridden patient able to sit up or get about on crutches, 
The chief thing to remember in operating on patients with arthritis is that if 
only a little can be done to improve them, it is extremely worth while. 


Sterling Bunnell, San Francisco: Reconstructive Surgery of the Hand.—There are 
many things, starting from the time of injury, that should be done to avoid stiffening. 
Anatomically the hand is to be considered not as a unit at the wrist, but as a unit up to 
the elbow. The muscles that move the hand have their origins largely from the elbow. 
Dynamically the hand should be considered as starting from the cerebral cortex. Thought 
must be given to early closure of wounds to prevent the cicatricial effects of chronic 
infection. In the event of extensive tissue damage and likelihood of infection, primary 
débridement with secondary closure of the wound is to be performed. Fractures should 
be reduced early. The hand and finger must be supported in the best functional position 
and mobility of the hand and forearm is to be instituted at the earliest possible time. 
Elastic splinting and traction is a great advance over the fixed type of support. All of 
the hand should be put in a functional position and kept moving. 

Meticulous care is to be used in approximating the nerve fibers of the hand. Tendons 
must be provided with smooth gliding surfaces to prevent fixation by adhesions. The 
principle of repair after severance of a tendon is that of mere approximation of the ends 
by a few fine sutures, while the tension is removed by means of a steel wire suture taken 
through the proximal portion. The free ends are brought out distally and fastened over 
a button. A second wire loops through the proximal portion so that the retention button 
may be removed in three weeks, and the wires withdrawn from the proximal muscle and 
tendon, 

Considerable effort should be made to reconstruct the thumb, providing a more use- 
ful hand. A finger may even be substituted for a missing thumb by metacarpal union 
and tendinous attachment. 


Lieutenant Colonel Edward K. Prigge, De Witt General Hospital: Experiences in the 
Management of Chronic Osteomyelitis Following Compound Fractures.—A method em- 
ployed in the treatment of osteomyelitis following compound fractures is presented. In 
general it consists of radical excision of all avascular scar, sinus tracts with contained 
chronically infected granulation tissue, sequestrums, and eburnated or otherwise abnormal 
bone. In areas where the involved bone is encased by muscle (back, arm, forearm, thigh, 
and forefoot) the space remaining after excision is filled with viable muscle, either by 
displacement of adjacent muscle or by formation of a pedicle of available muscle. No 
dead space is allowed to remain. In areas such as the lower forearm, the tibia, and the 
tarsal bones, the defect is filled with cancellous iliac bone graft after three weeks of local 
and systemic penicillin therapy. 

In thirty-five consecutive cases in which muscle was used to fill the defect, the 
results are very gratifying. A thin serous exudate continued to drain in only one case; 
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this will require subsequent excision. One patient had drainage for two months. The 
other thirty-three were completely healed between two and five weeks. The average period 
of drainage prior to surgical excision was 5.6 months; the average period of drainage 
following operation was 3.9 weeks. There were seventeen ratable cases where cancellous 
iliac bone graft was used to fill the defect. In ten patients, in whom the defect was less 
than 3 to 5 em. in diameter, eight are completely healed and one nearly so. In the seven 
with larger defects, none have been successfully healed to date, although the iliae graft 
appears to be viable to inspection and by x-ray. 

In all, fifty-two consecutive patients with chronic osteomyelitis following compound 
fractures have been treated by the two methods described; there was an early healing of 
the disease in 84.6 per cent of the cases. It is felt that with improvements in technique 
and better selection of cases, these results can be improved materially. 


Captain E. V. Davis, De Witt General Hospital: Treatment of Severe Elbow In- 
juries.—Severe disruptive injuries of the elbow joint result in a painful stiff joint if not 
treated early by accurate reduction in order that early mobilization can be instituted. If 
normal configuration of the joint cannot be restored, excision of the joint prior to the 
development of atrophy, muscle weakness, and causalgia is indicated. 

In late cases, when ankylosis has developed, excision rather than arthroplasty is 
recommended because even though the joint is not as stable after excision, mobility and 
muscle power are superior. 

The operation is performed through a posteromedian incision. Sufficient bone is 
removed from the distal end of the humerus and the proximal ends of the radius and 
ulna to allow a minimum of 1% inches of dead space between them. A fascial graft 
from the thigh is used to cover the lower end of the humerus. 

In summary, I have observed twenty excisions of the elbow. There were no infec- 
tions. The range of motion varied from a complete range to a minimum of 55 degrees. 
One patient returned to work as a stevedore. All were free of pain and were satisfied 
with the end result. 


Major Manuel Sall, De Witt General Hospital: Diagnosis of Herniation of Nucleus 
Pulposus.—Fifty-three cases proved by operation or by myelogram alone were reviewed. 
Ninety-three per cent of these cases involved the forth and fifth lumbar and fifth lumbar 
to first sacral levels. A history of antecedent back trauma with the development of back 
pain and referred root pain was the usual history obtained. In one patient pain was 
limited to the low back. The most commonly encountered distribution of pain involves 
the low back, with referral to the mid-gluteal region and down the posterior thigh, leg, and 
lateral ankle and foot due to involvement of the first sacral root. Changes in the align- 
ment of the vertebrae with scoliosis and loss of the lumbar curve are found in the most 
acute cases. Atrophy of one leg was frequently observed, the degree of atrophy appearing 
to bear a relation to the duration of the painful episodes. In subacute cases initial flexion 
of the trunk was performed without significant difficulty, increasing back pain being 
encountered with more extreme degree of flexion. Extension of the spine is occasionally 
limited to a striking degree. Areas of focal spinal tenderness may serve as an excellent 
means of localizing the level of the dise protrusion. In twenty-eight cases in which this 
sign was sought for, twenty-two patients reveale focal tenderness at a level corresponding 
to that found at operation or by myelogram. Placing the sciatic nerve on stretch in- 
variably aggravates the pain. Weakness of dorsiflexion of the foot or extension of the 
great toe should be sought for. An unusual finding in a few cases has been a noticeable 
weakness on initiation of dorsiflexion of the foot. Testing for power of dorsiflexion fol- 
lowing the initial phase of the movement in these cases failed to reveal significant weak- 
ness. In one patient on whom operation revealed a large protrusion at the fifth lumbar 
to first sacral level the only clinical findings were focal tenderness between the two, and 
weakness of the initial phase of dorsiflexion. Hyperesthesia to pin stroking is a valuable 
aid in diagnosis and localization. Differences in degree rather than absence of sensation 
is the usual finding. 
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Too often, painful pricking with a pin and the patient’s acknowledgment of pain 
is accepted as evidence of normal sensation. The achilles reflexes were found to be 
absent 2144 times more frequently in the fifth lumbar to first sacral than in the fourth 
to fifth lumbar discs. Of great value is a difference in reflex response which frequently 
can be obtained only by the use of minimal stimulation of the achilles tendon. Spinal 
fluid protein above 45 mg. per cent was found in about 20 per cent of the cases. It is 
believed that a diagnosis and satisfactory localization of a herniated disc can be made 
on the basis of clinical examination alone in the vast majority of cases. 


Lieutenant Commander F. Keith Bradford, U. 8S. Naval Hospital, Oakland: Surgical 
Treatment and Prognosis of Protruded Intervertebral Disc.—Any discussion of surgery 
upon the ruptured intervertebral disc must presuppose rigid selection of patients for opera- 
tion. 

Spinal anesthesia is highly satisfactory although its use might be criticized in the 
occasional patient with sphincter paralysis. The usual unilateral subperiosteal laminectomy 
has been routine. At the lumbosacral intervertebral dise little if any bone need be re- 
moved for adequate exposure, but at higher levels partial hemilaminectomy is necessary. 
Adequate exposure is essential and is possible without removing a spinous process or 
lamina. It is never wise to approach the dural sac directly with an attempt to retract it 
medially in the face of inadequate lateral exposure; extensive cauda equina damage may 
result, but has never followed mobilization started lateral to the involved root. Trans- 
dural attack upon ruptured discs can never be condoned. It would be better, if necessary, 
to sacrifice a single root in order to retract the dural sac medially. 

Recognition of true surgical pathology is probably the most important factor in dise 
surgery. Either the presence of nucleus pulposus posterior to the annulus fibrosus or the 
presence of a laceration of the annulus fibrosus (neither created by the operator) is ir- 
refutable evidence of a ruptured disc. Herniations which do not appear prominent in the 
prone position have been shown to project in a prominent manner when the patient has 
been operated upon in a sitting position. However, it is felt that adequate exposure with 
the patient in the prone position determines whether an additional interspace must be 
explored to find the cause of the patient’s symptoms. 

No surgeon, however able technically, can obtain a good percentage of favorable 
results in patients selected uncritically for operation. Conversely, inadequate or needlessly 
traumatic exploration in well-selected patients will produce unsatisfactory results. Since 
the initial operation offers the best opportunity for cure of the patient, it must be under- 
taken carefully and thoroughly only after complete study of the patient. 


Lieutenant Colonel William R. Lipscomb, De Witt General Hospital: Correction of 
Cranial Defects.—Skull defects can be corrected in several ways. An old method was by 
use of bone grafts. Unfortunately, many of the free grafts, taken from tibia, ileum, 
sternum, or rib, were absorbed or infected and had to be removed. Hinged osteoperiosteal 
und hinged scalp osteoperiosteal grafts have been more successful. Various metals such 
as silver, gold, aluminum, platinum, columbium, and vitallium have been used. Methyl 
methacrylate, a resin, has also been used in correcting cranial defects. Tantalum has been 
the material most widely used in World War II. It possesses very desirable physical and 
chemical properties. It is strong, but malleable, and can be beaten and bent into any 
shape to conform to normal skull contour. Tantalum reacts chemically with no body 
tissues or fluids. Preformed tantalum plates can be layed over the skull defect and fixed 
in position by tantalum pegs driven into the surrounding skull as a glazier fixes a pane 
of glass with metal pegs. 

In the last seventeen months, over eighty tantalum cranioplasties have been done 
at De Witt General Hospital. The results have been gratifying. Frequently the patients 
remark on loss of former vertigo and pulsations in the head associated with exertion. 
All patients appreciate the cosmetic improvement. The most noticeable improvement is 
usually in personality. An appearance of happiness replaces the depressed, concerned 


expression. This improvement is not limited to those patients with frontal lobe damage. 
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Lieutenant Bertram Selverstone, De Witt General Hospital: Peripheral Nerve Re- 
pair.—It has been estimated that 10.5 per cent of casualties in World War II have lesions 
of the peripheral nerves. The distribution of these lesions is quite similar to that of 
World War I. Pathologically, partial and complete lesions are distinct entities, but it is 
often impossible to decide before operation whether or not a lesion is complete. Clinical 
examination includes muscle test and observations concerning sensation and sweating. 
Tinel’s sign may be of value in following the progress of regeneration after suture, but 
is unreliable preoperatively. (Faradic, galvanic, and sinusoidal electrical examination, to- 
gether with electromyography and skin resistance tests are valuable adjuncts. Stimulation 
is particularly important in evaluating a lesion at the operating table. 

The policy at De Witt General Hospital has been: (1) early exploration if there is 
not rapid and progressive improvement; (2) conservative management of the exposed 
lesion; (3) re-exploration indicated and desirable if improvement does not occur in six to 
twelve weeks following neurolysis; neurorrhaphy shows no evidence of return in period 
consistent with site of lesion; (4) avoidance of nerve grafts since they are rarely neces- 
sary; reported results have not been favorable. 

Technical problems are concerned chiefly with gaining length to replace lost nerve 
tissue, orientation of nerve ends, and protection of the suture site. Suture with tantalum 
wire and wrapping with tantalum foil has usually been employed, although in several 
cases the plasma clot technique of Tarlov has been used. Results have been favorable in 
patients operated upon six or more months ago. 


Captain Jerome L. Sweeny, De Witt General Hospital: Management of Combined 
Bone and Nerve Lesions.—In treating an extremity in which a bone and a nerve lesion 
coexist, treatment should be directed first to repair of the nerve. Grafts may be done 
at any time without materially affecting the use of the extremity, whereas the sooner the 
nerve is repaired the better are the chances of regeneration, with minimal atrophy of 
affected muscles, 

On occasions, combined orthopedic and neurosurgical procedures may be done at 
the same operation as, for example, a graft to the humerus and a bulb suture of the 
radial nerve. This is done only when end-to-end nerve suture is not possible. By such a 
procedure, the patient is saved an additional operation and hospitalization is shortened. 
The grafting of a fractured humerus as a primary procedure often delays nerve repair 
for a period of months. The immobilization necessary after bone grafting frequently 
results in a stiff joint, and physiotherapy over a considerable period of time may be 
required to mobilize the joint sufficiently to make end-to-end nerve anastomosis possible. 
Nonunion of the bone may be taken advantage of either to buckle the fracture site so as 
to gain length for neurorrhaphy, or bone ends may be jammed together to reduce the dis- 
tance between nerve ends, thereby making end-to-end suture possible. 


Second Lieutenant Joseph M. Wepman, De Witt General Hospital: Re-education of 
Aphasia Patients.—The entire history of therapy for patients having language disorders 
as a result of brain injuries is concentrated in the last two or more decades. With new 
emphasis on training has come a new philosophy toward the prognosis for language re- 
turn—that every patient can be benefited and that the limitations upon improvement are 
by virtue of the extent of intellectual impairment. 

The program designed and functioning at this Army installation includes at least 
six hours of daily instruction for each patient. This therapeutic process includes speech 
therapy, both individual and group; reading; writing; occupational therapy; physiotherapy 
and swimming. Each patient has an individual program to follow, adapted to his needs. 

At the initiation of therapy each patient is assigned to a particular therapist who 
is responsible for his entire corrective course, establishing a rapport and a working 


identification which has resulted in excellent achievements. 
A typical program for a patient with head injury begins with a complete physical 
and neurologic examination. He is then seen by a psychologist who measures his in- 
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tellectual potential and degree of impairment by means of a test designed here by the 
chief of the neurological section and myself. The patient is then given a Halstead aphasia 
test to delimit his language disability. Following this he is assigned to a therapist and is 
seen twice daily for speech therapy, once individually and once in group session. He is 
entered in a reading class, a writing class and a swimming class. He is assigned to occupa- 
tional therapy with a prescription that is designed to increase his co-ordinative abilities 
and finally is sent to physiotherapy for at least one hour a day. With this approach 
there is little time for the patient to develop self-concern or anxiety over his condition. 

The results of this highly developed but very flexible method of handling the aphasic 
patient have been excellent. Every patient that has been seen has shown improvement 


and continues to develop in the direction of normal speech. 


Major Walter E. Scribner, De Witt General Hospital: Roentgen Findings in Peptic 
Ulcer.—In approximately 1,500 stomach examinations during a period of three years, I 
have seen only about ten gastric ulcers. The usual x-ray finding in gastrie ulcer is a 
barium-filled protrusion from the lesser curvature of the stomach, about which there is a 
zone devoid of barium, the barium-free zone representing edema of the gastric mucosa. 
As healing takes place the edema decreases, and scarring in the mucosal folds causes a 
convergence of the folds toward the healing ulcer. Convergence of the rugal folds re- 
sulting from scar contracture is, therefore, an index of chronicity of the ulcer. 

Duodenal ulcer is, in my experience, the greatest cause of peptic disability in the 
Army. The classical roentgen findings of duodenal ulcer, such as visualization of a crater, 
adjacent inflammatory, spastic, and cicatricial changes in the bulb, and the secondary 
changes in the stomach proper, were discussed with recommendations for special spot com- 
pression films in those patients with deformities which obscure the crater. Localized 
tenderness, hyperperistalsis, increase in thickness of gastric rugae, and hypertonus, were 
of no independent value in the diagnosis of duodenal ulcer. 

A warning note was sounded, to be kept in mind in those patients who had ulceration 
or deformity just proximal to the pyloric ring. Because some may show pyloric canal de- 
formity as the most prominent feature, early carcinoma in the region may be erroneously 


diagnosed as pyloric ulceration. 


Major Jerry J. Kane, De Witt General Hospital: Diagnosis and Medical Regimen in 
Duodenal Ulcer.—Four hundred eighty-eight patients were hospitalized in the gastro- 
intestinal section at De Witt General Hospital, from Aug. 1, 1944, to August 1, 1945, be- 
cause of dyspepsia. A diagnosis of peptic ulcer of the duodenum was made and verified 
by roentgen studies in 187 patients, or 38.3 per cent. The pre-eminent symptom in this 
or ‘fgnawing’’ in character, with the 


group was epigastric pain, described as ‘burning 
majority of the group exhibiting the characteristic cycle of pain—food—relief. Only three 
cases demonstrated an absence of this rhythm. One hundred eighty of these patients 
had had overseas service. All complained of nausea and vomiting besides epigastric pain. 
The symptoms of nausea and vomiting usually disappeared in five days, and from then 
on were invariably absent. Two per cent of this group gave a history of pain over 
MecBurney’s area, and had had appendectomies without relief. All of the appendee- 
tomies had been performed in civilian life. One hundred seventy-eight patients had had 
episodes prior to military service, over an average period of approximately six years. 
Patients were practically unanimous in describing their attacks as being more frequent 
and more severe since being in the service. Thirty-two patients had night pain occurring 
between 2:30 and 3 AM. 

Each patient in this group was kept in the hospital approximately thirty days, during 
which time he was placed on a modified Sippy regime. The majority were returned to 


civilian life. 


Alton Ochsner, New Orleans: Physiologic Treatment of Peptic Ulcer.—HEtiology of 
peptie uleer may be divided into predisposing and precipitating factors. Principal pre- 
disposing factors are tissue susceptibility and constitutional predisposition, neither being 
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generally amenable to therapy. Tissue susceptibility is present in all individuals and is 
found in lesser curvature of stomach, pylorus, duodenal cap, and that portion of the in- 
testinal tract subjected to acid gastric chyme. Constitutional predisposition is probably 
the most important cause of peptic ulceration, and the patient who has an ulcer tendency 
is likely to have an ulcer the rest of his life unless he avoids precipitating factors. The 
precipitating factors are important because they are amenable to therapy. They consist 
of gastric hypersecretion and hyperacidity, focal infection, and trauma. 

Treatment is based upon concept that hyperacidity is the principal responsible factor 
amendable to therapy. Control of hyperacidity by prophylactic measures is extremely im- 
portant and consists of (1) total abstinence from smoking, (2) total abstinence from 
alcohol, (3) avoidance of condiments, and (4) moderate ingestion of meats. Active therapy 
of hyperacidity consists of frequent small feedings. During active ulceration antiacids are 
indicated, and of greatest value is aluminum hydroxide. Foci of infection should be re- 
moved. Gastric trauma should be prevented by avoiding irritating rough foods, and anti- 
spasmodics should be administered. 

Requisite for successful therapy of a chronic peptic ulcer is conviction of the patient 
that the ulcer diathesis persists during his entire life, and recognition by him of the 
importance of avoiding all controllable precipitating factors for the rest of his life. 

Surgical therapy of peptie ulcer consists principally of treatment of complications, 
that is, perforation, pyloric obstruction, massive hemorrhage, and suspected malignant 
change. About 5 per cent of duodenal ulcers will not respond to conservative therapy, 
and in this resistant group gastrectomy is justified. Treatment of perforation consists of 
suture of the ulcer or of plugging with omentum. Treatment of pyloric obstruction depends 
upon the presence or absence of anacidity. In older persons with anacidity, gastro- 
jejunostomy is indicated because the possibility of return of normal acidity following 
relief of gastric retention is less than in younger persons. In individuals with normal 
acidity or hyperacidity, subtotal gastrectomy should be done. Massive hemorrhage, be- 
fore the age of 50 years, is best treated during the acute phase by conservative measures 
consisting of repeated transfusions, the administration of cevitamic acid, and frequent 
feedings. After the age of 50 years gastrectomy is frequently indicated during the acute 
hemorrhage because of danger of hemorrhage continuing as a result of sclerotic, non- 
contractile vessels. Mortality following conservative therapy in older persons is over 30 
per cent, whereas following gastrectomy it is less than 10 per cent. In the younger person 
who has had a massive hemorrhage, gastrectomy is usually indicated after the hemorrhage 
has been controlled and the patient rehabilitated. 

Gastric ulcers should be considered primarily as surgical lesions because of the great 
tendency for them to become malignant. All greater curvature ulcers must be considered 
malignant from the beginning. The incidence of malignancy of the stomach in patients 
who have family history of ulcer is much greater than in other individuals. 


Major Richard B. Capps, De Witt General Hospital: Surgical Significance of Hepa- 
titis—Infectious hepatitis is of importance to surgeons because of the danger of operating 
in unsuspected cases. This may have fatal results. Acute abdominal symptoms are not 
uncommon. Avoidance of inhalation anesthetics is important. Morphine and other seda- 
tives are to be avoided. Finally, chronic cholecystitis is frequently confused with chronic 
infectious hepatitis. The Graham-Cole test may show an absent shadow in the latter con- 
dition. 

Infectious hepatitis has become, during the last four years, an important problem. 
Not only has there been a high incidence among the armies of the world, but there has 
been a marked increase among civilians in various countries. It is now known that this 
disease is due to a filterable virus transmitted chiefly by the enteric route and also 
through plasma and whole blood. It is important to recognize that there is a nonicteric 
prodromal stage, lasting about seven to ten days in most acute cases. Furthermore, there 
are many patients with mild acute cases, who never develop either clinical or chemical 
icterus. We have demonstrated, furthermore, that convalescent patients cannot be con- 
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sidered as cured until subjected to a seven-day exercise tolerance test. Patients apparently 
well at bed rest or on minimal exercise frequently develop a large, tender liver and a 
recurrence of symptoms following exercise. Essential treatment consists of bed rest and 
a high protein diet. 


Captain Melvin B. Kirstein, De Witt General Hospital: Blood Diastase and Acute 
Abdominal Pain.—It is now known that in addition to the fulminating type of acute 
pancreatic necrosis, a milder, more common type of inflammation frequently occurs. This 
has been termed ‘‘acute transient pancreatitis’? by Elman. 

Twenty such cases have been observed and elevated blood diastase values ranging 
from 250 to 3,200 were found. This test was performed by the method of Somogyi, in 
which the normal blood diastase ranges between 80 to 180 units. 

All patients with acute transient pancreatitis showed an elevated blood diastase, 
provided the determination was made sufficiently early in the disease, and all patients re- 
covered. In acute pancreatic necrosis, the blood diastase value may later become normal, 
even though the patient is dying. This is explained on the basis of the pancreatic necrosis 
progressing to such a point that the pancreas is not capable of influencing blood diastase. 
In acute transient pancreatitis, the inflammation may be so transient that a rapid return 
to a normal blood diastase value precedes the disappearance of abdominal pain. It is, 
therefore, necessary to perform the test early in the disease. Blood diastase values are 
also elevated in acute diseases of the salivary glands and in severe renal disease. 

It is safe to conclude that any patient who has severe abdominal pain, a blood 
diastase value (Somogyi method) over 250, with no evidence of acute salivary gland dis- 
ease or renal insufficiency has acute pancreatitis. 

It has been our custom not to operate on patients with acute pancreatitis of any 
type. Patients are treated by parenteral fluids, morphine for pain, and no food. 


Charles Edward Smith, San Francisco: Current Problems in Pulmonary Coccidioido- 
mycosis.—Knowledge of coccidioidomycosis has been broadened through the activities of 
the Commission on Epidemiological Survey of the Army Epidemiological Board, Preventive 
Medicine Service, Office of the Surgeon General and of the Oftice of the Air Surgeon. 
Studies of distribution reveal no infections outside the Western Hemisphere and delimit 
its occurrence in southern and western Texas, Arizona, southern Utah, Nevada, and Cali- 
fornia, The army experience has indicated coccidioidomycosis can be classified as follows: 
(1) Primary or initial (a) inapparent or asymptomate (50 to 67 per cent), (b) acute 
respiratory or pneumonic (33 to 50 per cent), (c) additional manifestations of either of 
these; erythema nodosum and/or multiforme (3 to 5 per cent); pleurisy with effusion; 
pulmonary cavitation. (2) Progressive or disseminated (0.2 per cent whites; 2 per cent 
colored). Differentiation of coccidioidal pulmonary nummular lesions and cavities from 
tuberculosis is difficult. Steps in diagnosis are: (1) Coccidioidin test. If either tuberculin 
or coccidioidin fails to react while the other reacts, diagnosis is well underway. However, 
frequently both react. (2) Serologic tests. Precipitins, seen usually in initial infections, 
are lacking in old infections. With the well-focalized nummular coccidioidal lesions and 
many cavities, complement fixation is also lacking. Positive findings are diagnostic; 
negative findings do not eliminate coccidioidomycosis. (3) X-ray examinations. Findings may 
be confused with various forms of tuberculosis. If the tuberculin test is positive, accurate 
evaluation is necessary. (4) Recovery of the fungus. Demonstration in tissues of double- 
contoured spherules with endospores and no budding, is diagnostic. Cover-slip examina- 
tion is unreliable and staining of smears is useless. Culturing sputum or gastric contents 
usually fails in nummular lesions but succeeds with cavities. Although hazardous, demon- 
stration of the diphasic fungus, Coccidioides immitis, is conclusive. 

Major Robert A. Chait, De Witt General Hospital: Penicillin Therapy in Chronic 
Sinusitis.—This study was undertaken in order to determine the effectiveness of penicillin 
in the treatment of chronic infection of the maxillary sinuses by local application of the 


drug. 
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A diagnosis of chronic, purulent, maxillary sinusitis was made in 114 patients on the 
basis of history, clinical findings, transillumination, x-ray, and the presence of pus on punc- 
turing and washing the sinuses. The maxillary sinuses were irrigated with 130 ¢.c. of 
sterile saline solution through a 15 gauge straight needle introduced through the inferior 
meatus, and 15 ¢.c. of penicillin solution containing 250 units per cubic centimeter (pH = 
6.5) were instilled into the sinus. These 114 patients had their antra treated in this man- 
ner 526 times, treatments being given three times weekly. 

Patients were considered to be ‘‘cured’’ when the symptoms and signs of infection 
had disappeared, when transillumination and x-ray showed the sinuses to be clear, and 
when antral.washings were clear and culture showed no growth of bacteria. 

In 95 per cent of the patients returns were clear after two to four irrigations, A few 
required five to nine washings. All but one were completely cleared of the infection, 
that one having a mixed bacterial flora which was penicillin insensitive. All washings were 
cultured and penicillin sensitivity tests done. The organisms found at culture included 
Staphylococcus albus, Streptococcus viridans, hemolytic¢ streptococcus, Staphylococcus aureus, 
Aerobacter aerogenes, Escherichia coli, Hemophilus influenzae. Nearly all washings were 
reported as sterile after the second, third, or fourth washing. 

It is concluded that penicillin employed locally according to the technique outlined 
has proved to be effective in the treatment of chronic sinusitis. 


Harold H. Lindner, San Francisco: Anatomical Considerations in Inguinal Hernia.— 
The presentation of these data was emphasized by reference to three anatomic specimens 
which illustrated the points made. Important anatomic points include the attachment of the 
inguinal ligament to the pubic tubercle and to the ileopectineal line by the lacunar liga- 
ment, expected variations that occur in the formation of the conjoined tendon, and the 
role of the transversalis fascia. The transversus abdominal muscle does not fill in the 
posterior floor of the inguinal canal and the transversalis fascia is modified in this area 
to protect the floor of the canal. In order to secure an adequate anatomic repair, the 
transversalis fascia should be utilized with its attachment to either Cooper’s and the 
lacunar ligament or to the shelving edge of Poupart’s ligament, depending upon the 
laxity of the structures involved. The mode of production of hernial sacs was discussed 
and the anatomic points were presented, clarifying the reasons why direct and indirect 
sacs are occasionally misinterpreted on clinical examination. 


Major Frederick H. Benteen, De Witt General Hospital: Repair of Primary and Re- 
current Hernia.—The incidence of inguinal hernia is considered to be about 2.4 per cent 
in the male population of military age. Published statistics of over 100,000 repairs of 
primary and recurrent inguinal hernia show recurrence rates of 8 per cent in indirect 
hernias, 15 per cent in direct hernias, and 20 per cent in recurrent hernias. Adequate hemo- 
stasis, the use of fine suture material, clean anatomic dissection, and avoidance of tension 
are necessary to assure wound healing. Suture of the transversalis fascia or conjoined 
tendon to Cooper’s ligament following extirpation of the sac is ordinarily the basis for 
the cure of inguinal hernia. However, it is felt that no single method of hernioplasty is 
invariably adequate to reconstruct satisfactorily the abdominal wall around the cord. 
Fascial strips from the external aponeurosis, fascial strips from the thigh, or fascial patches 
from the thigh may on occasions be used as grafts. A relaxing incision in the anterior 
rectus sheath is sometimes indicated. Employment of a flap of anterior rectus sheath or 
a flap of fascia lata left attached to the donor site is not desirable. Bone periosteal grafts 
have been used in reconstruction, and the cord has been placed in various positions, in- 
eluding transplantation to a femoral location, but it is felt that such procedures are not 
necessary. 


Major Gordon C. Langsdorf, De Witt General Hospital: Administration of Fluids, 
Including Plasma and Blood, in Prolonged Surgery.—A surgical patient, who is draped 
and under a battery of operating lights in a room not air-conditioned, suffers enormous 
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fluid and salt loss during a five- to ten-hour operation, particularly during the hot summer 
Salt and dextrose solutions are primarily useful for the correction of resultant 


months. 
must be held to a minimum 


dehydration but not as blood substitutes. Sodium chloride 
and the remaining fluids given as 5 and 10 per cent dextrose in distilled water to prevent 
excessive fluid retention and pulmonary edema. Plasma is used to tide a patient over a 
period of unexpected severe blood loss while whole blood is being obtained for transfusion. 
True maintenance of a patient during a ‘‘bloody’’ operation requires constant intravenous 
replacement of whole blood. Experience has reemphasized the advisability of carefully 
placing one and in some instances two large gauge needles or cannulae into appropriate 
veins in the forearm or ankle before operations such as laminectomy, craniotomy, and 


aneurysmorrhaphy are commenced. 


Lieutenant Colonel Irving Madoff, De Witt General Hospital: Laboratory Adjuncts 
in Transfusion.—Types of transfusions for specific purposes are classified as (1) autotrans- 
fusion, (2) immunotransfusion (specific and nonspecific), (3) exsanguinotransfusion, and 
(4) reciprocal transfusion. 

The various techniques of blood typing are discussed, with emphasis on the points 
that all cell suspensions used should be as fresh as possible, kept refrigerated, and prepared 
with sterile equipment. These precautions prevent loss of sensitivity and protect against 
contamination, 

Dried rabbit typing sera are the standard routine typing materials used. The neces- 
sary precautions and pitfalls involved are pointed out. Compatibility tests require expert 
judgment in order to prevent reactions. The method used in this laboratory is a modifica- 
tion of the Levine method, in which the tests are done at refrigerator, room, and incubator 
temperature and then centrifuged. This enhances the sensitivity of the reaction and de- 
tects ‘‘cold’’ agglutinins. Among the complications of compatibility tests are auto- 
agglutination, panagglutination, rouleaux formation, drug effects, and multiple transfusions. 
The main types of transfusion reactions are thermal, hemolytic, and hemorrhagic. 

A blood bank is operated in which, based upon local experience, certain percentages 
and types of blood are both stored and ordered, in advance of use. Rh tests are routine 
and only homologous bloods with the same Rh factor are used. This system enables the 
bank to dispose of 90 per cent of the blood on hand in less than three to four days. The 
transfusion service is informed at all times of any special precautions in the handling of 
In multiple transfusions recross-matching is recommended after each 


individual bloods. 
Transfusion equipment should be prepared and handled only by 


individual transfusion. 
conscientious, experienced personnel. 

A recent development is the use of plasma skin sensitivity tests in the detection of 
allergic responses. Whole blood should not be transfused immediately after pooled plasma 
administration, as heterologous agglutinins may have been introduced, thus possibly causing 
a reaction. If whole blood transfusion is necessary immediately following plasma adminis- 
tration, only ‘£O’’ blood should follow the use of plasma. 
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Book Reviews 


Orthopedic Surgery. By Walter Mercer, M.B., Ch.B., S.R.C.S., S.R.S. Pp. 447, with 415 
illustrations. Baltimore, 1943, Williams & Wilkins Company. $12. 


The new edition of Mercer’s Orthopedic Surgery represents a rather extensive revision 
of the previous editions. There is a general improvement in illustration, and the material 
has been carefully revised with the incorporation of many new and original ideas, plus 
recent advances in orthopedic surgery as gleaned from the literature. There has been some 
deletion of material which the author no longer considers relevant. 

The sections which appear to have been the most completely revised are those on the 
affections of the back, knee, shoulder, and foot and infections of the hand. The description 
of some of Brittain’s operations on joints and his methods of arthrodeses, plus Iselin’s work 
on infections of the hand are incorporated into the appropriate chapters. 

Some of the subjects which are covered most thoroughly and efficiently are the develop- 
mental affections of bone and joint, circulatory lesions of the extremity, manipulative 
surgery, arthrodesis, and arthroplasty. The discussions on the regions of the body which 
are especially well covered are those of the spine, shoulder, and knee. The particular section 
on complications from trauma is exceptionally well written. This book is a compilation of 
the material used in lectures in clinics on orthopedic surgery as conducted by the author 
under the direction of Professor Fraser, and the bibliography is not all inclusive nor com- 
prehensive but does refer to authoritative and recent articles, in both the British and American 
journals. 

It is an excellent book. This third edition is more comprehensive than the former two 
editions, and far more complete than any of the various books on orthopedic surgery written 
in the United States at the present time. One may question the emphasis placed on tubereu- 
losis of bones and joints and criticize the relatively brief discussion of herniated nucleus 
pulposus as a cause of back pain. This book deserves its place as a standard text in orthopedic 
surgery and should be in every orthopedist’s and pediatrician’s library. 


Fractures and Orthopedic Surgery for Nurses and Masseuses. By Arthur Naylor, Ch.M., 
M.B., M.Se., F.R.C.S. (Eng.), FLR.C.S. (Edin.). Pp. 280, Baltimore, 1945, Williams & 
Wilkins Company. 


This is an excellent book which serves as an introduction of orthopedic surgery and 
fractures to nurses and physiotherapists. No nursing techniques are described and no 
attempt is made to emphasize nursing care of orthopedic and fracture patients. The emphasis 
has been placed on the general principles of surgery and their application in orthopedic 
surgery. In short, this book does not attempt to explain how the nurse is to care for the 
patient but rather what the basic principles of the various diseases are that she must under- 
stand to care for the patient properly. 

The book is well written, interesting, and concise. The illustrations are good and the 
diagrams are of exceptional clarity and interest. The book will serve the medical student 
as a supplement to any of the more complete and comprehensive texts in orthopedic surgery. 
The reviewer feels that it would be of more value in this respect than any of the synopses 
or short texts written on the subject in this country. Since it is written from a British 
viewpoint some of the procedures described are unfamiliar and a few of the apparatuses are 
generally considered obsolete in this country. 
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for the epileptic...calm without the storm 


Tridione, Abbott’s new synthetic drug, has been shown by clinical tests 
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have proved ineffective. @ In one series of tests! Tridione was given to a group 
of 50 patients subject to petit mal, myoclonic or akinetic seizures not helped 
by previous medication. In a period of days to weeks, these seizures ceased 

in 28 percent of the cases, were reduced to less than one-fourth 

of the usual number in 52 percent, and were little affected in 20 percent. 

In several patients the seizures once stopped did not return 

when medication was discontinued. Tridione also has had a beneficial effect 

in the control of psychomotor seizures in a certain proportion of cases.? 

@ Tridione is supplied in 0.3-Gm. capsules in bottles of 100. 

Literature on Tridione will be mailed on request. 

Assott Laporatories, North Chicago, Illinois. 


TRIDIONE 


REG. U.S. PAT. OFF. 


(3,5,5-trimethyloxazolidine-2,4-dione, Abbott) 


(1) Lennox, W.G. (1945), Petit Mal Epilepsies: Their Treatment With Tridione, J. Amer. Med. Assn., 129:1069, December 15. 
(2) DeJong, R. N. (1946), Effect of Tridione in the Control of Psychomotor Attacks, J. Amer. Med. Assn., 130:565, March 2. 
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Associate Clinical Professor of Medicine, Marquette University Medical 
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From the Preface 


NEUMOPERITONEDUM as a therapeutic procedure has been known to the medical 
profession for over fifty years. In the early days of its employment it was used in 
the treatment of tuberculous peritonitis only. 


P 


From this modest beginning its 
clinical application has been gradually expanding, as explained in the chapter, Historical 
Review. 


During the past decade therapeutic pneumoperitoneum has been gaining a gradually 


increasing recognition and acceptance. Encouraging reports have been published 
in the medical literature on its value in the treatment of emphysema, bronchial asthma, 
pulmonary abscess, pulmonary hemorrhage, and particularly on its employment in the 
treatment of tuberculous peritonitis and enterocolitis, and of pulmonary tuberculosis. 
Furthermore, satisfactory observations have been reported with this treatment in the 
management of a number of other conditions which are discussed in detail in the 
chapter on the miscellaneous applications of this method. 


Pneumoperitoneum is a technically simple and safe procedure. Every physician with 
average manual dexterity should be able to give this treatment. As a matter of fact, 
it has been proposed, and I believe justly so, that pneumoperitoneum treatment of 
ambulatory patients should be carried out by general practitioners whenever given 
circumstances so require. J maintain that reading over carefully the outlines of its 
technique should enable one to give pneumoperitoneum without any difficulty. 


A rapid increase in the therapeutic use of pneumoperitoneum is attested by numerous 
reports published on the subject during the past decade. These include communica- 
tions from widespread parts of this country as well as from South and Central America, 
Europe, and Asia. 


THE C. V. MOSBY COMPANY 


3207 Washington Blvd., St. Louis 3, Mo. 


Gentlemen: Send me a copy of Banyai’s Pneumoperitoneum Treatment. 


Price, cloth, $6.50. 


(1 Attached is my check. (1 Charge my account. 
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In all cases requiring opiates, Pantopon ‘Roche’ is preferred by thousands 
of physicians, for Pantopon contains all the alkaloids of opium in water-soluble 
form suitable for injection. It is a highly purified preparation freed from the 
gums, resins and waxes occurring in the crude drug. Pantopon ‘Roche’ is available 
in ampuls, in hypodermic and oral tablets, and in powder form. 


HOFFMANN-LA ROCHE, INC., ROCHE PARK, NUTLEY 10, N. J. 


‘ROCHE’ 
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